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STABILIZED SINGLE DOMAIN ANTIBODIES 
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The present invention provides single domain antibodies, comprising heavy chain antibodies, 
having improved stability in vivo and their use in diagnosis and therapy. 



BACKGROUND OF THE INVENTION 



Polypeptide therapeutics and in particular antibody-based therapeutics have significant 
potential as drugs because they have exquisite specificity to their target and a low inherent 
toxicity. However, in order to be effective as therapeutic agent, their pharmacokinetic profile 
should be optimized. The majority of current antibody applications are for acute disorders. 
There are however significant opportunities to develop antibody therapeutics for chronic 
conditions. This will require large doses of protein over a long period of time. Since the cost of 
antibody production in mammalian cells is high, the development of traditional antibody 
therapeutics for these applications has been discouraged. An alternative approach has been 
to express fragments of antibodies such as Fab's or single-chain FVs in microbial expression 
systems such as yeast and bacteria. These fragments however have very short circulation 
20 times in vivo. 

Some of the initial approaches to increase the circulation in the bloodstream of proteins and 
peptides were based on chemical modification, such as pegylation (US 4,179,337). Examples 
of such products are PEG-lntron, i.e. pegylated interferon alpha-2b for the treatment of HCV, 
and treatment of chronic disorder with PEG-modified antibodies (A.P Chapman, Adv.Drug 
Delivery Reviews (2002), 54, 531-545). Such chemical methods, however, suffer from a 
number of disadvantages, such as inactivation of the target protein or peptide due to the 
chemical modification of certain amino acid side chains, instability of the target 
proteln/peptide during the chemical reaction. 



To overcome these limitations, alternative approaches have been developed, first of all by 
using non-conventional or modified proteins, secondly by using alternative methods to 
increase halflife in vivo. Stabilisation of the protein drug can therefore be carried out by 
choosing an Inherently stable protein scaffold and providing methods to bind such scaffold 
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to plasma proteins which occur in high concentrations, such as immunoglobulins or albumin 
Bmding to piasma protein can be an effective means to improving the pharmacokinetic 
properties of molecules in general. More precisely, binding to albumin to improve the t1/2 of 
proteins has been described: M.S. Dennis eta,. (J. Bio,. Chem. 33, 2383-90, 2002) isolated 
peptides that specifically bind serum albumin. When bound to a Fab molecule half-lives 
comparable to pegylated Fab'e were obtained. Peptide ligands having affinity for IgG or 
serum albumin have been disciosed (WO 01/45746), as well as a process to extending the 
halve-irfe ,n vrfvo of proteins or peptides by covaient coupling to polypeptides capable of 
binding to a serum protein (WO 91/01743). The drawback of such approach is that the 
peptides have to fold properly and be accessible to binding toserum aibumin when fused to 
the merapeut.c protein. Therefore, these peptides are inherently unstable and have affinities 
to the subm,cromo«ar range rather than subnanomolar or low nanomolar range, as is the case 
wrth conventional antibodies. As part of a larger protein, such as an conventional antibody 
molecule, b.nding of these peptides to albumin may be sterically hindered 
An alternative hybrid molecule with two functional units is based on an heterospecific 
antibody. Such a hybrid would consist of a Afunctional or heterospecific antibody construct 
wrth one entity having specificity and affinity for the target, the second entity having specificity 
and affinrty for a serum protein, such as albumin. However, such heterospecific constructs 
based on conventional antibodies or Fab fragments have severe! important drawbacks: these 
are complex, large molecules composed of two polypeptide chains (VH and VL) and therefore 
drift* and expensive to produce in high amounts in mammalian expression systems 
Furthermore, producing bifunctional antibodies composed of 4 chains (2 VH's and 2 VL'si 
have the inherent risk of resulting in molecules with the unproductive VH-VL combinations 
and consequently loss of activity. Several alternatives have been tried with mixed resuits 
based on peptide derivatives of conventional antibodies, such as diabodies and bifunctional 
scFv's (WO0220615; WO9413804; W091 19739; WO9409131) ). 

A complex of interferon with a monoclonal antibody to increase the serum half-life of 
Interferon has been described in US 5,055.289. Such approach has the inherent risk of 
impa.ring the biological activity of the interferon since the size of the construct raises the 
problem of sterfc hindrance. 
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THE AIMS OF THE PRESENT INVENTION 

It Is an aim of the present invention to provide therapeutic heterospecific antibody polypeptide 
constructs which overcome the probiems of therapeutic antibodies of the art namely, low half- 
Irfe in v/vo. poor folding, low expression, and poor stabiiity. .t is a further aim of the present 
invention to provide methods for providing said heterospecific antibodies . 

SUMMARY OF THE INVENTION 

One embodiment of the present invention Is a polypeptide construct comprising- 

- one or more single domain antibodies each directed against one or more therapeutic and/or 
diagnostic targets, and 

- one or more single domain antibodies each directed against one or more serum proteins. 

Another embodiment of the present invention is a polypeptide construct as defined above 
Greeted against a single target wherein said anti-target single domain antibodies do not share 
the same sequence. 



Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single serum protein wherein said anti-serum protein single domain 
20 antibodies do not share the same sequence. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said single domain antibodies are Camelidae VHHs antibodies. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said one or more serum protein are any of serum albumin, serum Immunoglobulins 
thyroxine-binding protein, transferring, or fibrinogen or a fragment thereof. 

Another embodiment of the present invention, is a polypeptide as defined above wherein said 
one or more single domain anti-serum protein antibodies correspond to one or more 
sequences represented by any of SEQ ID NOs: 1 to 3. 
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Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target, wherein said target is Tumour Necrosis Factor-alpha. 

Another embodiment of the present Invention is a polypeptide construct as defined above 
wherein said one or more single domain anti-target antibodies correspond to one or more 
sequences represented by any of SEQ ID NOs: 17 to 29. 

Another embodiment of the present invention is a polypeptide construct as defined above 
corresponding to the sequence represented by any of SEQ ID NO: 4 to 6. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
construct as defined above. 



Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in the treatment, prevention and/or alleviation of 
20 disorders relating to Inflammatory processes. 

Another embodiment of the present invention is a use of a polypeptide construct as defined" 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders relating to inflammatory processes. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said disorders 
are any of rheumatoid arthritis. Crohn's disease, ulcerative colitis and multiple sclerosis. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual!* topically, nasally, vaginally 
rectally or by inhalation. 
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Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is vWF 

5 Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is collagen. 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said one or more anti-target single domain antibodies correspond to one or more 
10 sequences represented by any of SEQ ID NOs: 30 to 39. 

Another embodiment of the present invention is a polypeptide construct as defined above 
corresponding to the sequence represented by any of SEQ ID NOs: 40 to 42. 



15 



Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
20 construct as defined above. 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in the treatment, prevention and/or alleviation of 
disorders or conditions relating to platelet-mediated aggregation or dysfunction thereof 
25 " 

Another embodiment of the present Invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders or conditions relating to platelet-mediated 
aggregation or dysfunction thereof. 



30 



Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct or nucleic acid as defined above wherein 
said disorders are any of cerebral ischemic attack, unstable angina pectoris, cerebral 
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infarction, myocardial infarction, peripheral arterial occlusive disease, restenosis, and said 
conditions are those arising from coronary by-pass graft, or coronary artery valve 
replacement and coronary interventions such angioplasty, stenting, or atherectomy. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual*, topically, nasally, vaginaily 
rectally or by inhalation. 

Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target is IgE. 



Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said one or more anti-target single domain antibodies correspond to one or more 
1 5 sequences represented by any of SEQ ID NOs: 7 to 1 6. 

Another embodiment of the present invention is a polypeptide construct as defined above 
corresponding to the sequence represented by any of SEQ ID NOs: 43 to 45. 

20 Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
25 construct as defined above. 

Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use In the treatment, prevention and/or alleviation of 
disorders or conditions relating to allergic reactions. 



Another embodiment of the present invention Is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
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treatment, prevention and/or alleviation of disorders or conditions relating to allergic 
reactions. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct or nucleic acid as defined above wherein 
said disorders are any of hay fever, asthma, atopic dermatitis, allergic skin reactions, allergic 
eye reactions and food allergies. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual!* topically, nasally, vaginally 
rectally or by Inhalation. 

Another embodiment of the present invention is a polypeptide construct as defined above 
1 5 directed against a single target wherein said target is IFN-gamma . 

Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said anti-target single domain antibodies are anti-IFN-gamma VHHs. 
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Another embodiment of the present invention is a polypeptide construct as defined above 
wherein said anti-target single domain antibodies and said anti-serum protein antibodies are 
both VHHs . 
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Another embodiment of the present invention is a polypeptide construct as defined above, 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct,' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
construct as defined above. 

Another embodiment of the present invention is a polypeptide construct as defined above, or 
a nucleic acid as defined above for use In the treatment, prevention and/or alleviation of 
disorders or conditions wherein the immune system is over-active. 
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Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders or conditions wherein the immune 
S system is over-active. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct or nucleic acid as defined above wherein 
said disorder are any of Crohn's disease, autoimmune disorders and organ plant rejection in 
addition inflammatory disorders such as rheumatoid arthritis. Crohn's disease, ulcerative 
colitis and multipje sclerosis. 
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Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above or a use of a polypeptide construct as defined above wherein said polypeptide 
construct is administered intravenously, orally, sublingual!* topically, nasally, vaginally 
rectally or by inhalation. 

Another embodiment of the present invention Is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid encoding said polypeptide construct and a 
20 pharmaceutical^ acceptable vehicle. 

Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid encoding said polypeptide construct and a 
pharmaceutical^ acceptable vehicle. 



25 



Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid encoding said polypeptide construct and a 
pharmaceutically acceptable vehicle. 

30 Another embodiment of the present invention is a polypeptide construct as defined above 
directed against a single target wherein said target Is involved in a disease process. 
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Another embodiment of the present invention is a polypeptide construct as defined above, 
wherein said polypeptide construct is a homologous sequence of said polypeptide construct,' 
a functional portion thereof, of an homologous sequence of a functional portion thereof. 

Another embodiment of the present invention is a nucleic acid encoding a polypeptide 
construct as defined above. 



Another embodiment of the present invention is a polypeptide construct as defined above or 
a nucleic acid as defined above for use in the treatment, prevention and/or alleviation of 
1 0 disorders or conditions in which the target is involved. 

Another embodiment of the present invention Is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for the 
treatment, prevention and/or alleviation of disorders or conditions in which the target is 
15 involved. 

Another embodiment of the present invention is a polypeptide construct as defined above, or 
a nucleic acid as defined above for use in treating, preventing and/or alleviating the 
symptoms of a disease requiring a therapeutic or diagnostic compound which is not rapidly 
20 cleared from the circulation. 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for treating 
preventing and/or alleviating the symptoms of a disease requiring a therapeutic or diagnostic 
25 compound which is not rapidly cleared from the circulation . 

Another embodiment of the present invention is a polypeptide construct as defined above, or 
a nucleic acid as defined above for use in treating, preventing and/or alleviating the 
symptoms of a disease requiring a therapeutic or diagnostic compound which remains active 
30 in the circulation for extended periods of time. 

Another embodiment of the present invention is a use of a polypeptide construct as defined 
above, or a nucleic acid as defined above for the preparation of a medicament for treating, 
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preventing and/or alleviating the symptoms of a disease requiring a therapeutic or diagnostic 
compound which is remains active In the circulation for extended periods of time. 

Another embodiment of the present invention is a polypeptide construct or nucleic acid as 
defined above, or use of a polypeptide construct or nucleic acid as defined above, wherein 
said polypeptide construct is administered intravenously, orally, sublingual!* topically 
nasally, vaginally, rectally or by inhalation. . 

Another embodiment of the present invention is a composition comprising a polypeptide 
construct as defined above, or a nucleic acid as defined above and a pharmaceutically 
acceptable vehicle. y 

Another embodiment of the present invention is a method of producing a polypeptide as 
defined above comprising 

(a) culturing host cells comprising nucleic acid capable of encoding a polypeptide as 
defined above, under conditions allowing the expression of the polypeptide, and, 

(b) recovering the produced polypeptide from the culture. 

Another embodiment of the present invention is a method as defined above, wherein said 
20 host cells are bacterial or yeast. 

Another embodiment of the present invention is a method for prolonging the half-life of a 
angle domain antibody in the blood steam of a subject, said antibody directed against a 
therapeutic and/or diagnostic target by joining thereto one or more single domain antibodies 
25 each directed against a serum protein. 

Another embodiment of the present invention is a method as defined above wherein said anti- 
target single domain antibodies do not share the same sequence. 
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Another embodiment of the present invention is a method as defined above wherein said anti- 
serum protein single domain antibodies do not share the same sequence. 



08.07.2003 17:33 



11 

Another embodiment of the present invention is a method as defined above wherein said 
single domain antibodies are Camelidae VHHs antibodies. 

Another embodiment of the present invention is a method as defined above wherein said 
5 serum protein is any of serum albumin, serum immunoglobulins, thyroxine-binding protein, 
transferring, or fibrinogen or a fragment thereof. 

Another embodiment of the present invention is a method as defined above wherein said 
serum protein comprises a sequence corresponding to any of SEQ ID NOs- 1 to 3 a 
10 homologous sequence, a functional portion thereof, or a homologous sequence of a 
functional portion thereof. 

Another embodiment of the present invention is a composition comprising a polypeptide as 
defined above or a nucleic acid capable of encoding said polypeptide and a pharmaceutically 
15 acceptable vehicle. 
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DETAILED DESCRIPTION OF THE INVENTION 



The present Invention relates to a polypeptide construct comprising one or more single 
domain antibodies each directed against a serum proteln(s) of a subject, and one or more 
single domain antibodies each directed against a target molecule(s) and the finding that the 
construct has a significantly prolonged half-life in the circulation of said subject compared with 
the half-life of the anti-target single domain antibody when not part of a construct Single 
domain antibodies may be any of the art, or any future single domain antibodies. Examples 
include, but are not limited to, heavy chain antibodies, antibodies naturally devoid of light 
chains, single domain antibodies derived from conventional 4-chain antibodies, engineered 
antibodies and single domain scaffolds other than those derived form antibodies. According 
to one aspect of the invention, a single domain antibodies as used herein is a VHH molecule - 
30 single domain heavy chain antibodies derived from antibodies raised in Camelidae species, 
for example in camel, dromedary, alpaca and guanaco. 
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The one or more single domain antibodies of the polypeptide construct which are directed 
against a target may be of the same sequence. Alternatively they may not all have the same 
sequence. It is within the scope of the invention that a polypeptide construct comprises anti- 
_ target single domain antibodies which do not all share the same sequence, but which are 
> d.rected against the same target, or fragment thereof, one or more antigens thereof. 

The one or more single domain antibodies of the polypeptide construct which are directed 
aga,nst a serum protein may be of the same sequence. Alternatively they may not all have 
the same sequence. It is within the scope of the invention that a polypeptide construct 
comprises anti-serum protein single domain antibodies which do not all share the same 
sequence but which are directed against the same target, or fragment thereof, one or more 
antigens thereof. 

in another embodiment, one or more anti-target single domain antibodies of the polypeptide 
construct may be directed to more than one target (e.g. vWF and collagen). Similarly .the 
antiserum protein single domain antibodies of the polypeptide construct may be directed 
against more than one serum protein (e.g. serum albumin and fibrinogen). 

VHHs. according to the present invention, and as known to the skilled addressee are heavy 
chain variable domains derived from immunoglobulins naturally devoid of light chains such as 
those derived from Gamaliels as described in WO9404678 (and referred to hereinafter as 
VHH domains). VHH molecules are about 10x smal.er than IgG molecules. They are single 
polypeptides and very stable, resisting extreme pH and temperature conditions. Moreover 
they are resistant to the action of proteases which is not the case for conventional antibodies' 
Furthermore, /„ vitro expression of VHHs produces high yield, praperiy folded functional 
VHHs. In addition, antibodies generated in Camelids will recognize epitopes other than those 
recognised by antibodies generated in vitro through the use of antibody libraries or via 
immunisation of mammals other than Camefids (WO 9749805). As such, anti-albumin VHH's 
may .nteract in a more efficient way with serum albumin which is known to be a carrier 
protein. As a carrier protein some of the epitopes of serum albumin may be inaccessible by 
bound proteins, peptides and small chemical compounds. Since VHH's are known to bind into 
•unusual' or non-conventional epitopes such as cavities (WO9749805), the affinity of such 
VHH's to circulating albumin may be increased. 
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The present invention also relates to the finding that a polypeptide construct comprising one 
or more VHHs directed against one or more serum proteins of a subject, and one or more 
VHHs directed against one or more target molecule of said subject surprisingly has 
» significantly prolonged half-life in the circulation of said subject compared with the half-life of 
the anti-target VHH when not part of said construct Furthermore, the said construct was 
found to exhibit the same favourable properties of VHHs such as high stability, extreme P H 
resistance, high temperature stability and high target affinity. 

A target according to the invention is any biological substance capable of binding to a 
polypeptide construct of the invention. Targets may be. for example, proteins, peptides 
nucleic acids, oligonucleic acids, saccharides, polysaccharides, glycoproteins. Examples' 
mclude. but are not limited to therapeutic targets, diagnostic targets, receptors, receptor 
l.gands. viral coat proteins, immune system proteins, hormones, enzymes, antigens ceH 
s.gnaling proteins, or a fragment thereof. Targets may be native protein or a fragment thereof 
a homologous sequence thereof, a functional portion thereof, or a functional portion of an 
homologous sequence. 

The present invention also relates to a polypeptide construct comprising one or more VHHs 
each directed against one or more serum proteins of a subject, and one or more VHH each 
d.rected against one or more target molecules wherein the VHHs belong to the traditional 
class of Camefidae single domain heavy chain antibodies. The present invention also relates 
to a polypeptide construct comprising one or more VHH each directed against one or more 
serums protein of a subject, and one or more VHH each directed against one or more target 
molecules wherein the VHHs belong to a class of Camelidaa single domain heavy chain 
antibodies that have human-like sequences. A VHH sequence represented by SEQ ID NO- 
19 which binds to TNF-alpha, belongs to this class of VHH peptides. As such, peptides 
belonging to this class show a high amino acid sequence homology to human VH framework 
regions and said peptides might be administered to patients directly without expectation of an 
unwanted immune response therefrom, and without the buraen of further humanization. 

A subject as used herein is any mammai having a circulatory system in which the fluid therein 
comprises serum proteins. Examples of circulatory system include blood and lymphatic 
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systems. Examples of animals Include, but are not limited to. rabbits, humans, goats mice 
rats, cows, calves, camels, llamas, monkeys, donkeys, guinea pigs, chickens, sheep dogs' 
cats, horses etc. K y ' 

One embodiment of the present Invention is a heterospecific polypeptide construct 
~mpns,ng one or more VHHe eeoh directed against one or mo*, therapeutic and/or 
dragnoshc targete and one or more VHH eaob directed against one or mo™ serum proteins or 
polypeptides. As steady mentioned, the ana-target VHHs may have the same sequence 

*?* *" "*> <** - "— — sequence, but are directed 

agamst toe seme eptepe or different epitopes on me same target, fragments thereof, or 
anhgen thereof. Simliany, me anb-serom protein VHHs mey have toe aame aequenoe 
Alternately, anb-aerom protein VHHs may not ail have the same aequenoe. but are directed 
agatna. toe same epitope or different epitopes on the aame serem protein, fragments thereof, 
or antigen thereof. 9 

In another embodiment of the present invention, the anti-target VHHs may be directed more 
than one target (e.g. vWF and collagen). Similarly, the anti-serum protein VHHs may be 
Greeted agamst more than one serum protein (e.g. serum albumin and fibrinogen). 

The constructs disclosed herein retain the advantageous properties of VHHs and have a 
prolonged lifetime In the circulation, of an individual Thus, such constructs are able to 
circulate In the subject's serum for several days, reducing the frequency of treatment the 
Inconvenience to the subject and resulting in a decreased cost of treatment. 

According to an aspect of the invention a single domain antibody used to form a 
heterospeciflc polypeptide construct may be a complete single domain antibody (e.g a VHH) 
or a homologous sequence thereof. According to another aspect of the invention, a single 
domain antibody used to form the heterospecific polypeptide construct may be a functional 
portion of a complete single domain antibody. According to another aspect of the invention a 
single domain antibody used to form the heterospecific polypeptide construct may be' a 
homologous sequence of a complete single domain antibody. According to another aspect of 
the invention, a single domain antibody used to form the heterospecific polypeptide construct 
may be a functional portion of a homologous sequence of a complete single domain antibody 
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As used herein, an homologous sequence of the present invention may comprise additions 
deletions or substitutions of one or more amino acids, which do not substantially alter the 
functional characteristics of the polypeptides of the invention. The number of amino acid 
deletions orsubstitutions Is preferably up to 1,2. 3, 4. 5. 6. 7,8, 9. 10.11.12,13 14 15 16 
17. 18, 19. 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30. 31, 32, 33. 34, 35. 36, 37, 38, 39 4o' 41 ' 
42, 43. 44. 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55. 56, 57, 58, 59, 60. 61, 62. 63, 64, 65," 66 
67, 68, 69 or 70 amino acids. 

A homologous sequence of the present invention may include a polypeptide of the invention 
which has been humanised. 

By humanised is meant mutated so that immunogeniclty upon administration in human 
patients is minor or nonexistent. Humanising a polypeptide, according to the present 
invention, comprises a step of replacing one or more of the Camelidae amino acids by their 
human counterpart as found in the human consensus sequence, without that polypeptide 
losing its typical character, i.e. the humanlsation does not significantly affect the antigen 
binding capacity of the resulting polypeptide. Such methods are known by the skilled 
addressee. A humanisation technique may also be performed by a method comprising at 
least the replacement of the hallmark amino acid at position 45, possibly combined with a 
replacement of one or more of the other hallmark amino acids at position 37, 44 and 47; 
numbering according to the Kabat numbering. 

Some VHH sequences display a high sequence homology to human VH framework regions 
and therefore said VHH might be administered to patients directly without expectation of an 
immune response therefrom, and without the additional burden of humanisation. Therefore, 
one aspect of the present invention allows for the formation of a heterospecific polypeptide' 
construct without humanisation of the VHH. when said VHH exhibit high homology to human 
VH framework regions. 

A homologous sequence of the present invention may include a sequence of the invention 
which in another Camelidae species such as, for example, camel, dromedary, alpaca, 
guanaco etc. 
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Where homologous sequence indicates sequence identity, it means a sequence which 
presents a high sequence identity (more than 70%, 75%, 80%, 85%, 90%, 95% or 98% 
sequence identity) with a poiypeptide of the invention, and is preferabiy characterised by 

of the parent sequence ' name,y ** - *-» — 
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A homologous sequence according to the present invention may refer to nucleotide 
sequences of more than 50. 100. 200. 300. 400. 500. 600. 800 or 1000 nucleotides able to 
hybnd.se to the reverse-complement of the nucleotide sequence capabie of encoding a native 
7ZT"T r Strin9ent hybrfd,Sat, ° n as the ones described by 

tZZvlt' MO,8CU,ar C ' 0n,n9 ' ManUe '' °" Sprf - **** Laboratory 

As used herein, a functional portion refers to a polypeptide of sufficient size to sufficient size 
such that the interaction of interest is maintained with affinity of 1 x 10"* M or better. 

Alternatively a functiona, portion of a polypeptide of the invention comprises a partia. deietion 
of the complete amino acid sequence and still maintains the binding sitefs) and protein 
doma,n(s) necessary for the binding of and interaction with the target or serum protein. 

As used herein, a functional portion of a polypeptide of the invention refers to less than 100% 
of the sequence (e.g.. 99%, 90%. 80%. 70%. 60% 50% etc.), but comprising 5 or more amino 
acids or 15 or more nucleotides. 

A portion of a polypeptide of the invention refers to less than 100% of the sequence (e o 
99%, 90%, 80%, 70%. 60% 50% eta), but comprising 5 or more amino acids or 15 or more 
nucleotides. 

A fragment as it refers to a target of the invention refers to less than 100% of the sequence 
(•*. ^9%, 90%, 80%, 70%, 60% 50% etc.), but comprising 5 or more amino acids or 15 or 
more nucleotides. A fragment is a sequence of target capable of eliciting an immunogenic 
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response. „ ref to less ^ 100% of ^ ( ^ ^ ^ 

etc), but comprising 5 or more amino acids or 1 5 or more nucleotides. 

The serum protein may be any suitable protein found In the serum of subject, or fragment 
5 thereof. „ one aspec, of the mvenfion. the sen.™ pretein is serum albumfcTrum 

^ne-bWIng prereln. bansterdn. or flbdnogen. Depending' 
intended use such as th*» remiin^ u~i*it ^ 

the required half-life for effective treatment and/or 
compartimentalisatfon of the target antiaen tht> vhh n ar +^.. , ,. 
^ y ani '9 en ' me VHH-partner can be directed to one of the 

above serum proteins. 

I 

The heterospecific polypeptide constructs disclosed herein may be made by the skilled 
artisan according to methods known in the art or any future method. For example VHHs 

Zn S °h JT US1 " 9 ^ knOW " in ^ "* 9S ^ ~* ■ -eTand 
obtaining hybndomas therefrom, or Coning the VHHs using molecular biology technique, 
known m the art and subsequent selection by using phage display. ecnmques 

The anti-serum protein single domain antibody may be directed against a polypeptide of a 
serum protem or a whole protein. The anti-target single domain antibody may be ^1 
aga.net a polypeptide of said target of the whole target. Methods for scanning a protein for 
Immunogenic polypeptides are well known in the art. 

The single domain antibodies may be joined using methods known in the art or any future 

relut l 6 ™^'^ 68 ty Cross - ,inki "9 * ~«*0 aminoacid 

rescues wrth an organ,c derivatising agent such as described by Blattler et a/ Blochemistrv 

at the DNA level i.e. a polynucleotide construct formed which encodes the complete 
polypeptide construct comprising one or more anti-target single domain antibodies and one or 
more ant,-serum protein single domain antibodies. A method for producing bivalent or 
multivalent VHH polypeptide constructs is disclosed in PCT patent app.ication WO 96/34103 
One way of joining multiple single domain antibodies is via the genetic route by linking single 
domain antibody coding sequences either directly or via a peptide linker. For example, the C- 
ternwia, end of the first single domain antibody may be linked to the N-termina. end of the 
next smgle domain antibody. This linking mode can be extended in order to link additional 
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single domain antibodies for the construction and production of tri-, tetra-, etc. functional 
constructs. 

Delivery 

One embodiment of the present invention is a heterospecific polypeptide construct as 
drsc losed here.n for use in treating, preventing and/or aiieviating the symptoms of disorders 
requinng the deiivery of a therapeutic compound that is able pass through the gastric 
envronment without being inactivated. As known by persons skilled in the art. once in 
possesion of said heterospecific polypeptide construct, formulation . technoiogy may be 
applied o release a maximum amount of heterospecific polypeptide constat in the right 
tocafon (,n me stomach, in the colon, etc.). This method of delivery is important for treating 
prevent and/or alleviate the symptoms of disorder whose targets that are located in Zgut 

^1 77 lnVentj ° n fe 3 meth ° d f ° r treatin9 ' Preven «<* «*r alleviating the 
symptoms of a disorder requiring the deiivery of a therapeutic compound that is able pass 

through the gastnc environment without being inactivated, by orally administering to a subject 

a heterospecfic polypeptide construct specific for a target related to the disorder. 

Another embodiment of the present invention is a heterospecific polypeptide construct for use 
in treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
merapeutic compound to the vaginal and/or rectal tract In a non-limiting example a 
formu.at.on according to the invention comprises a heterospecific polypeptide construct 
d,rected agamst one or more targets in the form of a gel. cream, suppository, film, or in the 
form of a sponge or as a vaginal ring that slowly releases the active ingredient over time An 
aspect of the invention is a method for treating, preventing and/or alleviating the symptoms of 
drsorders requiring the delivery of a therapeutic compound to the vaginal and/or rectal tract 
by vaginally and/or rectally administering to a subject a heterospecific polypeptide construct 
specific for a target related to the disorder. 

Another embodiment of the present invention is a heterospecific polypeptide construct for use 
in treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound to the upper respiratory tract and lung. ,n a non-limiting example a 
formulation according to the invention, comprises a heterospecific polypeptide construct 
directed against one or more targets in the form of a nasal spray (e.g. an aerosol). Since a 
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heterospecific polypeptide construct are small, they can reach their target much more 
effectively than therapeutic IgG molecules. An aspect of the invention is a method for treating 
preventing and/or alleviating the symptoms of disorders requiring the delivery of a therapeutic 
compound to the upper respiratory tract and lung, by administering to a subject said 
> heterospecific polypeptide construct specific for a target related to the disorder by Inhalation. 

One embodiment of the present invention is a heterospecific polypeptide construct for use in 
treating, preventing and/or alleviating the symptoms of disorders wherein the permeability of 
the Intestinal mucosa Is increased. Because of their small sfee, a heterospecific polypeptide 
construct can pass through the intestinal mucosa and reach the bloodstream more efficiently 
m subjects suffering from disorders which cause an increase in the permeability of the 
.ntestinal mucosa, for example Crohn's disease. An aspect of the invention is a method for 
treating, preventing and/or alleviating the symptoms of disorders wherein the permeability of 
the .ntestinal mucosa is increased, by orally administering to a subject a heterospecific 
polypeptide construct specific for a target related to the disorder. 

One embodiment of the present invention is a heterospecific polypeptide construct for use in 
treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound that is able pass through the tissues beneath the tongue effectively A 
formulation of said heterospecific polypeptide construct, for example, a tablet, spray drop is 
placed under the tongue and adsorbed through the mucus membranes into the capilliary 
network under the tongue. An aspect of the invention is a method for treating, preventing 
and/or alleviating the symptoms of disorders requiring the delivery of a therapeutic compound 
that is able pass through the tissues beneath the tongue effectively, by sublingual^ 
adm.n.stering to a subject a heterospecific polypeptide construct specific for a target related 
to the disorder. 

One embodiment of the present invention Is a heterospecific polypeptide construct for use in 
treating, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound that is able pass through the skin effectively. A formulation of said 
heterospecific polypeptide construct, for example, a cream, film, spray, drop, patch, is placed 
on the skin and passes through. An aspect of the invention is a method for treating 
preventing and/or alleviating the symptoms of disorders requiring the delivery of a therapeutic 
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compound that is able pass through the skin effectively, by topically administering to a subject 
a heterospecific polypeptide construct specific for an target related to the disorder 
One embodiment of the present invention is a heterospecific polypeptide construct for use in 
reatmg, preventing and/or alleviating the symptoms of disorders requiring the delivery of a 
therapeutic compound intraveneously. An aspect of the invention is a method for treating 
preventing and/or alleviating the symptoms of disorders requiring the deiivery of a therapeutic 
compound via the bloodstream. H 

General target 

° f ^ PrSSent l0VentiOn IS ' heferOS P ecific P^Ptide construct as 
d.sclosed herein for use in treating, preventing and/or alleviating the symptoms of a disorder 
requmng a therapeutic or diagnostic compound which is not repidly cleared from the 
crcuiation. An aspect of the invention is the use of a said construct for the preparation of a 
medrcament for treating, preventing and/or alleviating the symptoms of a disorder requiring a 
therapeutic or diagnostic compound which is not rapidly cleared from the drcuiation. Another 
aspect of the .nvention is a method for treating, preventing and/or aileviating the symptoms of 
a d,sorder requiring a therapeutic or diagnostic compound which is not rapid* cleared frem 
the crculafon by administering a heterospecific polypeptide construct as disclosed herein to 
an individual. According to the present invention, the anti-target VHH of said heterospecific 
po.ypept.de is directed against a target invoived In a cause or a manifestation of said 
disorder, convolved in causing symptoms thereof. By using a heterospecific poiypeptide 
construct of the present invention to treat or diagnose an aforementioned disorder, the 
depletion of said construct is retarded. 

Another embodiment of the present invention is a heterospecific polypeptide construct as 
disclosed herein for use in treating, preventing and/or alleviating the symptoms of a disorder 
requiring a therapeutic or diagnostic compound which remains active in the circulation for 
extended periods of time. An aspect of the invention is the use of said construct for the 
preparation of a medicament for treating, preventing and/or alleviating the symptoms of a 
disorder requiring a therapeutic or diagnostic compound which remains active in the 
circulation for extended periods of time. Another aspect of the invention Is a method for 
treating, preventing and/or alleviating the symptoms of a disorder requiring a therapeutic or 
diagnostic compound that is able to circulate in the patients serum for several days by 
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admm.stonng a hetemspeciflc polypeptide oonstmct as disclosed herein to an Individual 
Accord^ to tha present invention, tha anWarget VHH of said heterespedffc polypepnda Is 
dtreaed against a target Involved ,n a cause or a manhesMon o, said disoreer, or » to 
fusing symptoms thereof. By us,„ B a hetorospecinc polypepude constrec. of toe p^m 
■ tovent,on to treat or diagnose an aforemendoned disomer. ma frequency or treatment 
reduced,soresultln B lnadecreasedoostoftreatment 

Another embodiment o, the present invenbon fe a hsterospadfi0 poiypepUde construct aa 

in aT" r ,,B * 9, PreVen ' n9 *• ■»»*•»- of a dlsoL" 

»Ung to a»arg,as. An aspact of ma invention !s the usa of said const™* forma prepared 

to aBa^as Another aspact of tha invention is a mathod for .resting, prevenfing and/or 
ailing the symptoms of a disorder reiating to allies. b y admin^ing a hetoa^ 
polypept.de constrect aa dlsolosad hen* to en Indivlduet. Accorfing to the Lent ZT™ 
me ana.to.ga, VHH of said hetorespe^c poiypepude Is ditected a aj a ta^ " to 
a oauae or a manifesto**, of aald dlsoniar. or invoived in eaueing symptoms mUT 

The ^aspects and embodiments of toe Invendon else apply when an end-serum single 
domam anbbody of ma aforemanaoned heterespeCdc poiypepdde constotcto otmasponTto 
a sequence repented by SEQ ID NOs: 1 to 3. a homologous sequence thereof a 
fonobonalporaontheraof.orahon^ogoussaquenoeofefoncoonatponloa 

The above aapects end embodiments of toe Invendon also apply when an antMerget single 
domain anabody of the aforemanaoned heterespecmc polypeptide constotrte conJponoTto 
a sequence represented by SEQ ID NOs: 17 to 29, a homologous sequence thereof a 
foncuonal portion thereof, or a homologous sequence of a functional portion, said target being 



The above eapeoto and embodlmento of toe Invention else apply when an anManjet single 
30 domam anhbody of the aforemendoned heterespeclfic polypeptide constrects cotresponda to 
a sequence represented by SEQ ID NOs: 30 to 39 a homologous sequence thereof, e 
funcdonal portion thereof, or a homotogous sequence ofa funclona! portion, eeld target being 
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The ^ove aspects and embodiments of me invention also app ly when an ane-ta„et single 
domain anhbodyoftne aforamentioned heteraspeclflc potypephde constructs contend to a 

5 poraon meraof. or a homologous sequence of a luncttona, ponton. aa,d tan.e, being „E 

The above aspects and embodiments of the invention aleo apply when an amMamrf 

10 ZZZT T ^ VHH ' 8 h ° m **™ »— • * ^ X 
10 thereotorahomologoussequenceofafunctionalportion. 

The above eepects and embodiments of the invention aiso apply when .he afb rem enti„ned 

° 0nS,rU0 ' COrmSPOn * to 3 -P— » y any of » 

NOst 4 to 6. a homologous sequence .hereof, a tonoBona, ponton L Z* I m 

15 homotogoussequenoeofafunctlonalportlontheteof. 

Anon.imMngexampie. in ralaflon to allies, of a tanje, against whioh an antMatge. single 
dome n anhbody may be directed is igE. Dunng their iitoeme, severe, subjecte develop en 
anergic response to harass parasites suoh as De^afopbegotfeapte™^ ZZZ 

m ; eCU,eS *- a — * - "nmunoiogloa. responses. One aspect oT£ 

preset mvenbon is a heferospecMc poiypeptide oonstoro. composing one or more anfl-igE 

ZZZZ a f l b ° dte3 f ed « OT P-* singie domain antibod^ 

25 of ,gE wrfh their receptors) on mas. cells and basophils, so blocking initiate, of me 
m,munolog,oal cascade and a subsequent allergic reaction. In another aspect an enfi-serum 
protem single domein amjbody is directed to one of me subject's serum P^otems. A 
haterospecflo polypeptide construct as disclosed herein thus reduces or prevents an anergic 

30 lifetime In the Wood so Increasing the therapeutic window. 
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TNF-alpha 

Another embo^en. of ft. present invents is a heteroepecino pdypeptWe construct as 

5 mediated by mflammato* mCecules. An aspect of .he invention is the use of said construct 
tor the preparebon of a medicament for treaty prevendng and , OT allevlafins ^ £££ 
of a dKOreer mediated hy Amatory molecules. Another aspect of the InvenZTa 
method fcv beabng. prevent,,, and/or alleviabng the symptoms of a disorder matted by 
~**n"-<es.byadmin^^ 

aTd r LT^ A0C<>rC " n9 fo ^ a " «« sinTdoC 

anbbody of said heterospecific polypeptide Is directed against a ta^et involved In a caZT 
a maoiresWon o, said discder, or Solved In causing symptoms thereof " 

According to one aspsct of the invenbon. a target against which a single domain anbbody of a 

TNF-aipha is believed to piay an Important rate , n vanou8 rtteo^ tbr exampL t 
Inbananatoiy drsorfere such as meumatold artbrtfia. Crehna disease, uicerabve ^ 
mubrple scores*. Anb-ta^e, c ng ,e d omaln antibodies may be directed against whole TNF- 
^ ^^a^amantthereof.oratagmentofahomotogousaequenoethereof. 

One aspect of the present invention relates to a heterespeCBc polypeptide consbtrc 
comprising one or more anb-TNF-aipha single domain antibody fused to^ne or morHnt 
serem protein SIngPe domaIn antjbody me sequences ^ an sJeToman 
antibody corresponding to any of SEQ ,D NOs : ,7,o29, derived*™ CemLaehLTZn 
25 antibodies (VHHs), which bind to TNF^Ipha. me»oaeneavy chain 

T a V mVenmm reWn9 * a " an «- TNF -'^ domain anbbody ,e not limited 

to a polypepbde represented by SEQ ID NOs: 17 to 29, but may be extended to encompass 
poW,epbdes comprtslng Camera anybodies of any class directed towares TOF-alpha. Any 
30 of the heterospedfic polypeptide co«bucte disclosed herein may comprise a Camera 
anbbody of any Cass, of ma regular Cass or of the Cass of human-nke Camefldse amibodies 
as dreCosed herein. These antibodies include the full length Came/Cfae antibodies, domains 
and may comprise a human Fc domain If effector functions are needed 
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One embodiment of the present invention is a heterospecific poiypeptide construct 
comprising one or more anti-TNF-alpha single domain antibodies fused to one or more anti- 
serum protein singie domain antibodies for use in treating, preventing and/or alleviating the 
symptoms of inflammatory disorders. TNF-alpha is invoived in inflammatory processes and 
^ blocking of TNF-alpha action can have an anti-inflammatory effect, which is highly 
des,rable m certain disorder states such as. for example. Crohn's disease. Oral delivery of 
these heterospecific polypeptide construct results in the delivery of such molecules in an 
active form in the colon at sites that are affected by the disorder. These sites are highly 
.nflamed and contain TNF-alpha prcducing cells. These heterospecific poiypeptide constructs 
can neutralise the TNF-alpha locally, avoiding distribution throughout the whole body and 
tiius limiting negative side-effects. Genetically modified microorganisms such as Mfaococcus 
lachs are able to secrete antibody fragments. Such modified microorganisms can be used as 
vehicles for local production and delivery of antibody fragments in the intestine. By using a 
strain which produces a TNF-alpha neutralising antibody fragment, inflammatory bowel 
disorder could be treated. Another aspect of the invention is a heterospecific polypeptide 
construct comprising one or more anti-TNF-alpha singie domain antibodies fused to one or 
more anti-serum protein single domain antibodies for use in the treatment, prevention and/or 
alleviation of disorders relating to inflammatory processes, wherein said heterospecific 
polypeptide construct is administered intravenously, orally, sublingual!* topically, nasally 
vaginally, rectally or by inhalation. Another aspect of the invention is the use of a 
heterospecific polypeptide construct comprising one or more anti-TNF-alpha single domain 
antibodies fused to one or more anti-serum protein single domain antibodies for the 
preparation of a medicament for the treatment, prevention and/or alleviation of disorders 
relating to inflammatory processes, wherein said heterospecific polypeptide construct is 
admmistered intravenously, orally, sublingual!* topically, nasally, vaginally, rectally or by 
inhalation. Another aspect of the invention is a method of treating, preventing and/or 
alleviating disorders relating to inflammatory processes, comprising administering to a subject 
a heterospecific polypeptide construct comprising one or more anti-TNF-alpha single domain 
antibodies fused to one or more anti-serum protein single domain antibodies intravenously 
orally, sublingual!* topically, nasaliy, vaginally, rectally or by inhalation. Another aspect of the 
mventlon is a heterospecific polypeptide construct comprising one or more anti-TNF-alpha 
single domain antibodies fused to one or more anti-serum protein single domain antibodies 



25 

for use in the treatment, prevention and/or alleviation of disorders relating to inflammatory 
processes. Another aspect of the invention is a heterespecific polypeptide construct 
comprising one or more anti-TNF-alpha single domain antibodies fused to one or more anti 

serum protein single domain antibodies for the preparation of a medicament for the treatment 
5 prevention and/or alleviation of disorders relating to inflammatory processes. Anti-TNF-alpha 

single domain antibodies of the present invention may be derived from a class of VHHs with 

h^h homoiogy to the human VH sequence, or may be derived from any of the other classes 

of VHHs, including the major class of VHH. 

10 The above aspects and embodiments a Pply to a heterospecific polypeptide construct 
comprising one or more anti-TNF-alpha single domain antibodies fused to one or more anti- 
serum protein singie domain antibodies wherein said anti-TNF single domain antibodies 
correspond to any of SEQ ,D NOs: 17 to 29 (anti-TNF-alpha VHHs), a homologous sequence 
15 therS 8 a ' POrti ° n there ° f ' ° f 3 h ° m0,0 9° US s ^nce of a functional portion 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-TNF-a.pha single domain antibodies fused to one or more antl- 
serum protein singie domain antibodies wherein said anti-serum protein single domain 
20 ant.bod.es correspond to any of SEQ ID NOs: 1 to 3 (anti-serum pretein VHHs) a 
homologous sequence thereof, a functional portion thereof, of a homologous sequence of a 
functional portion thereof. ■ 8 
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The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising a sequence corresponding to any of SEQ id NOs: 4 to 6 (anti-TNF-alpha 
VHH/anti-serum albumin VHH), a homologous sequence thereof, a functional portion thereof 
a homologous sequence of a functional portion thereof. The inventors have found that a 
heterospecific polypeptide construct comprising a sequence corresponding to any of SEQ ID 

™ ^ 4 10 6 SUrprlSln9,y 8XhibltS W9her than affinity towards its target and prolonged 

30 half-life in the circulatory system. 
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Platelet-mediated aggregation is the process wherein von Willebrand Factor (vWFJ-bound 
col a gen adheres to pIateIets an<J/or p|afe|et rf ^ ^ 

collagen), ultimately resulting in platelet activation. P.ateiet activa«on .eads to fibrinogen 
b^ng. and fina.,y to plateiet aggregation. , is another aspect of the present invention to 
pnov.de heterospecfic polypeptide constructs which moduiate processes which comprise 
Platelet-mediated aggregation such as, for example, vWF-col.agen binding, vWF- P ,atelet 

a re nl? D M f T n ' C0 " a9en - P,ate,et reC8Pt0r adhes -' P'^let activation, fibrinogen binding 
and or p.ateiet aggregation. Said heterospecific polypeptide constructs are derived from 
s.ngle doma.n antibodies directed towards vWF, vWF A1 or A3 domains or coHagen Said 
antibod,es may be directed against whole vWF. vWF A1 or A3 domains or coHagen or a 
fragment thereof, or a fragment of a homologous sequence thereof. 

Adding to one aspect of the invention, a target against which a heterospecific polypeptide 
construct compnsmg one or more anti-TNF-target single domain antibodies fused to one or 
more antiserum protein singie domain antibodies is directed is von Willebrand factor (vWF) 
According to one aspect of the invention, the target is vWF A1 or A3 domains. According to 
anrfher aspect of the invention, the target is gpib. According to one aspect of the invention, 
the target ,s gpla/IIA According to one aspect of the invention, the target is coilagen. 

One aspect of the present invention relates a heterospecific polypeptide construct comprising 
one or more an«-vWF singie domain antibodies fused to one or more anti-serum protein 

^n^ SeqUenCeS ° f antj " VWF Sin9 ' e d ° main anfib ° dies "^ponding to any of 
,D N ° S: 30 tQ 39 ' derived C *™««°° heavy chain antibodies (VHHs), which bind to 

vWF. 



The aspect of the invention reiating to anti-vWF, anti-vWF A1 or anti-vWF A3, anti-gplb anti- 
gpla/lia, or anti-collagen VHHs is not limited to poiypeptides represented by SEQ ID NOs- 30 
to 39. but may be extended to encompass polypeptides comprising Camelidae antibodies of 
any class directed towards vWF, vWF A1 or A3 domains or coHagen. The VHHs disclosed 
herem may comprise a Camelidae antibody of any class, of the traditional class or of the 
class of human-like Camelidae antibodies as disclosed herein. These polypeptides include 



uo.u/.2UU3 17:43: 



10 



15 



20 



25 



30 



27 

the M length Came/tfae an8bod.es, and may comprise a human Fo domain if effector 
functions are needed. «**ur 

One embodiment of me present Invention Is a netorespedflo pofypepttde 

proton s,n 9 .e domain antibodies ta^et, wherein the target Is any of WVF. WVF A1 o^3 
domains or cdagen tor as. ,„ tteaflng. preventtng and/or a| , evia „ ng ^ 
drsotoe. or conditions relabng to piatele.-medlated aggregation or dysnlion ZoT^ 
discdere .nolude ttanslen, cerebral ischemic attack, unstable angina pectoris, 1£. 
■nfercbon. myocardial Infarction, pertphere, arteria, occlusive disease, restenos^ S tTd 
~nd,«ons include toose arising trem corona* bypass graft, core n "lly v^e 

aspect o, toe Inventa is a hetenospecKIc poiypepdde censttuc, comprising one or more Z 

anhbodres, wnerem toe torget is any of WVF, WVF A1 or A3 domains or co«agen tor use! 
<he .reattneM, prevenbon and/or alleviation of disorder or conditions raM ng to plateie,. 
med-ated aggregation or dys^ction toereof. wnarein ^ heterospeof(ic ' J^l 
consttuc, ,s administer inttavanousiy. ore«y, auhlinguaiiy. topically, naaally vZX 
rectolly or by Inhaiatton. Another aspect of toe toventton is toe use of a nLZ2 
polypepbde consttuc, comprising one or more antt-ta^e, single domain antibodies fused to 
one or more antiserum protein single domain anybodies torgat wharein toa tange, to any of 

ZLT « M IT"" 8 or •* 8,6 prepara « on of * ™— ^- ^ 

^P-ai.nilm,*,^^^^^^ 
aggregabon or dystonctton thereof, wherein said hetorespecific poiypeptide consttuct is 
adm,„,stered .nttevenously. orally, sublingual!* topically. nasally, vaginaiiy. rectetly or by 
mhalaton. Anotoer aspect of the invention is a method of tteatfng, preventing and/or 
allewabng disordere or condlbons relating to reladng to platelebmediated aggregation or 
dystonchon toereof, comprising admiring to a subiac, a hetorespecj pjypapj 
consttuct comprising one or more antt-torgel single domain antibodies fused to one or more 
anti-serum protein single domain antibodies tanjet, wherein the target to any of WVF WVF A1 
or A3 domains or collagen, when* aald heterespecific polypeptide construe, Is administered 
mttavenouely. orally, subungual*, topically, nasally, vaginaiiy, rectelly or by Inhaladon 
Anotoer aspect of toe invention Is a hetemspeclflc polypepbde consttuct comprising one or 
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more anti-target single domain antibodies fused to one or more anti-serum protein single 
domain antibodies, wherein the target is any of vWF, vWF A1 or A3 domains or collagen for 
use in the treatment, prevention and/or alleviation of disorders or conditions relating to 
platelet-mediated aggregation or dysfunction thereof. Another aspect of the invention is a use 
of a heterospecific polypeptide construct comprising one or more anti-target single domain 
antibodies fused to one or more anti-serum protein single domain antibodies, wherein the 
target is any of vWF, vWF A1 or A3 domains or collagen for the preparation of a medicament 
for the treatment, prevention and/or alleviation of disorders or conditions relating to platelet- 
med,ated aggregation or dysfunction thereof. Anti-vWF, anti-vWF A1 or anti-vWF A3 or anti 
collagen VHHs of the present invention may be derived from the class of VHHs with high 
homology to the human VH sequence, or may be derived from any of the other classes of 
VHHs, including the major class of VHH. 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-vWF single domain antibodies wherein said single domain 
anybodies correspond to any of SEQ ID NOs: 30 to 39 (anti-vWF VHHs), a homologous 
sequence thereof, a functional portion thereof, of a homologous sequence of a functional 
portion thereof. 



The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-target single domain antibodies fused to one or more anti-serum 
protein single domain antibodies, wherein the target is any of vWF. vWF A1 or A3 domains or 
collagen and wherein said anti-serum protein single domain antibodies con-espond to any of 
SEQ ID NOs: 1 to 3, a homologous sequence thereof, a functional portion thereof, of a 
25 homologous sequence of a functional portion thereof. 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
corresponding to any of SEQ ID NO: 40 to 42 (antl-vWF VHH/anti-serum albumin VHH) a 
homologous sequence thereof, a functional portion thereof, of a homologous sequence of a 
30 functional portion thereof. 
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IgE 

During their lifetime, subjects may develop an allergic response to harmless parasites (eg 
pteronysslnus, house dust mite) or substances (clumps, plastics, metals)" 
5 This results in the induction of IgE molecules that Initiate a cascade of immunological* 
responses. One aspect of the present invention a heterosoecific poiypeptide construct 
compnsng one or more IgE-specrfic single domain antibodies, said heterospecific 
polypeptrde construct preventing the interaction of IgEs with their receptees) on mast cells 

10 ZJZ^' ^ SUCh ^ PreVSnt *" fnWati0n ° f immun0l ^ ical -de, an allergic 

According to one aspect of the invention, a target against which a heterospecific polypeptide 
construct comprising one or more anti-target single domain antibodies fused to one or more 
antrum protein singie domain antibodies is ducted is .gE. Said antibodies may be 

TreoT Wh °' e ° r " fra9ment th6re0f ' ° r 3 fra9ment ° f 3 ho ™'<*°"* -quence 

One aspect of the present invention relates to a heterospecific polypeptide construct 
compnsing one or more anti-lgE single domain antibodies fused to one or more anti-serum 
Pr0tem S,n9 ' e d ° maln anHbod,es ' * e ^^nces of said anti-lgE singie domain antibodies 
corresponding to any of SEQ ID NOs: 7 to 16. derived from CameHCae heavy chain 
antibodies (VHHs), which bind to IgE. 

An aspect of the invention relating to anti-lgE VHHs is not limited to polypeptides represented 
by SEQ ID NOs: 7 to 16, but may be extended to encompass polypeptides comprising 
Cameltiae antibodies of any class directed towards IgE. The VHHs disclosed herein may 
comprise a Camelidae antibody of any class, of the traditional class or of the class of human- 
like Camera antibodies as disclosed herein. These polypeptides include the full length 
Camelidae antibodies, and may comprise a human Fc domain if effector functions are 
30 needed. 

One embodiment of the present invention is a heterospecific polypeptide construct 
compnsing one or more anti-lgE single domain antibodies fused to one or more anti-serum 
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protein single domain antibodies for use in treating, preventing and/or alleviating the 
symptoms of disorders relating to allergies. Said disorders comprise a wide range of |gE- 
mediated diseases such as hay fever, asthma, atopic dermatitis, allergic skin reactions 
allergic eye reactions and food allergies. One aspect of the invention is a heterospecific 
polypeptide construct comprising one or more anti-lgE single domain antibodies fused to one 
or more anti-serum protein single domain antibodies for use in the treatment, prevention 
and/or alleviation of disorders relating to allergies, wherein said VHH is administered 
intravenously, orally, sublingual*, topically, nasally, vaginally, rectally or by inhalation 
Another aspect of the invention is the use of a heterospeoific polypeptide construe* 
compnsmg one or more anti-lgE single domain antibodies fused to one or more anti-serum 
protein single domain antibodies for the preparation of a medicament for the treatment 
prevention and/or alleviation of disorders relating to allergies, wherein said heterospeoific 
polypept.de construct is administered intravenously, orally, sublingual*, topically, nasally. 
vag.na.ly, recta..y or by inha.ation. Another aspect of the invention is a method of treating 
preventing and/or aHeviating disorders relating to alleges, comprising administering to a 
subject a heterospeoific polypeptide construct comprising one or more anti-lgE single domain 
antibodies fused to one or more anti-serum protein single domain antibodies intravenously 
orally, sub.ingua.ly, topically, nasally, vaginally, rectally or by inhalation. Another aspect of the" 
.nvention is a heterospeoific polypeptide construct comprising one or more anti-lgE single 
domain antibodies fused to one or more anti-serum protein single domain antibodies for use 
■n the preparation of a medicament for the treatment, prevention and/or alleviation of 
d.sorders relating to allergies. Another aspect of the Invention is a use of a heterospecific 
polypeptide construct comprising one or more anti-lgE single domain antibodies fused to one 
or more anti-serum protein single domain antibodies for the preparation of a medicament for 
the treatment, prevention and/or alleviation of disorders relating to allergies. Anti-lgE VHHs of 
the present invention may be derived from the new class of VHHs described above or may 
be derived from any of the other classes of VHHs, including the major class of VHH. ' 

The above aspects and embodiments apply to a heterospecific polypeptide construct 
comprising one or more anti-lgE single domain antibodies fused to one or more anti-serum 
protein single domain antibodies, wherein anti IgE- single domain antibodies correspond to 
any of SEQ ID IMOs: 7 to 16 (anti-lgE VHHs), a homologous sequence thereof, a functional 
portion thereof, of a homologous sequence of a functional portion thereof. 
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The above aspects and embodiments app* to a neterospecific polypeptide construct 
compns,ng one or more anti-.gE singie domain antibodies fused to one or more anti-serum 
pmtern single domain antibodies wherein said anti-serum protein single domain antibodies 
17 " th 7 ° ,D N ° S: 1 t0 3 (ant[ - protein serum VHHs), a homologous 

Z^ereoT ? ^ ^ * ° * 3 

10 T ab l- T eCt emb ° dlmentS to * neterospecific polypeptide construct 

10 correspond^ to any of SEQ .D NOs: 43 to 45 (antUgE VHH/anti^erum albumin VHH) a 

rjXZ 6 " 06 there ° f ' 3 **** POto " * — D ; a 

A neterospecific poiypeptide construct as disclosed herein prevents thus reduces or prevents 
15 an energy response due to common or unusual aNergens. Furthermore, the construct has a 
prolonged lifetime in me blood so increasing the therapeutic window. 

IFN-gamma 

According to one aspect of the invention, a target against which one or more anti-target single 
» doma.n an bodies of a heterospeciflc poiypeptide construct comprising one or more anti- 
terget single domain antibodies fused to one or more anti-serum protein single domain 
ant.bod.es ,s d,rected against is interferon-gamma (IFN-gamma). IFN-gamma is secreted by 
some T cells. In addition to its anti-viral activity. IFN-gamma stimulates natural kilter (NK) cells 
and T helper 1 (Th1 ) cells, and activates macrophages and stimulates the expression of MHC 
5 motecutes on the surface of cells. Hence, IFN-gamma generally serves to enhance many 
aspects of immune function, and is a candidate for treatment of disorders where the immune 
system is over-active e.g. Crohn's disease, autoimmune disorders and organ piant rejection 
.n addrtion .nflammatory disorders such as rheumatoid arthritis, Crohn's disease, ulcerative 
colitis and multiple sclerosis. . w*™® 

) 

One aspect of the present invention relates to a heterospeciflc polypeptide construct 
comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti- 
serum protein single domain antibodies, the sequences of said anti-IFN-gamma single 
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domain antibodies corresponding to any of SEQ ID NOs: 46 to 62 derived from Camelidae 
heavy chain antibodies (VHHs), which bind to IFN-gamma. 

The aspect of the invention relating to anti-.FN-gamma VHH is not limited to polypeptides 
represented by SEQ ,D NOs: 46 to 62. but may be extended to encompass pol^pt id" 
comprising Camera anybodies of any Cass directed towards IFN-gamma Z7of Z 
poiypepbdes disclosed herein may comprise a Came/Afee antibody of any Cass! of the 

TTTT ^ ° f ^ C ' aSS ° f hUman -' ike Came,,da ° antibodi - ^ disclosed herein 
Sa,d anbbodies may be direCed against whole IFN-gamma or a fragment thereof or a 
fragment of a homologous sequence thereof. These polypeptides include the full length 
' ^ C ° mPriSe 8 HUman FC — » lector functi on 1 
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One embod,ment of the present invention is a heterospecific polypeptide construct 
compns.ng one or mo re anb-IFN-gamma single domain antibodies fused to one or more ant, 

ZT Pro T,Tf d0mai " antib0dlSS ^ " PreVentl ^ and *» bating the 

symptoms of the disorders wherein the immune system Is overaCive. as mentioned above 

Current therapy consists of intravenous administration of anti-IFN-gamma antibodies. Oral 

deliver of these heterospecific polypeptide construes results in the delivery of such 

molecules in an active form in the colon at sites that are affeCed by the disorder. These sites 

are h.ghjr mflamed and contain .FN-gamma producing cells. These heterospecific 

polypep ,de constructs can neutralise the .FN-gamma locally, avoiding distribution thmughout 

the whole body and thus limiting negative side-effeCs. Genetically modified microorganisms 

such as Mcjococcus taotls are able to secrete antibody fragments. Such modified 

m,croorgan,sms can be used as vehic.es for local production and delivery of antibody 

fragments in the intestine. By using a strain which produces a IFN-gamma neutralising 

anbbody fragment. Inflammatory bowel disorder could be treated. Another aspect of the 

invention is a heterospecific polypeptide construct comprising one or more antl-IFN-gamma 

single domain antibodies fused to one or more anti-serum pmtein single domain antibodies 

for use ,n the treatment, prevention and/or alleviation of disorders wherein the immune 

system is overaCive. wherein said heterospecific polypeptide construct is administered 

intravenously, orally, sublingual*, topically. nasaHy. vaginally. reCa.ly or by inhalation 

Another aspeC of the invention is the use of a heterospeCfic polypeptide construe 



comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti 
serum protein single domain antibodies for the preparation of a medicament for the treatment, 
prevention and/or alleviation of disorders wherein the immune system is over active wherein 
sa,d heterospecific polypeptide construct is administered intravenously, orally, subiingualiy 
5 topically, nasally, vaginally, rectally or by inhalation. Another aspect of the invention is a 
method of treating, preventing and/or alleviating disorders wherein the immune system is 
overactive, comprising administering to a subject a heterospecific polypeptide construct 
comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti- 
serum protein singie domain antibodies intravenously. oraHy. sublingual topica.ly. nasally 
10 vag.na.iy, rectaliy or by inhalation. Another aspect of the invention is a heterospeJc 
poiypeptide construct comprising one or more antMFN-gamma singie domain antibodies 
fused to one or more anti-serum protein single domain antibodies for use in the preparation of 
a medicament for the treatment, prevention and/or alleviation of disorders wherein the 
.mmune system is overactive. Another aspect of the invention is a use of a heterospecific 
15 poiypeptide construct comprising one or more anti-«FN-gamma single domain antibodies 
fused to one or more anti-serum protein singie domain antibodies for use in the preparation of 
a medrcament for the treatment, prevention and/or alleviation of disoraers wherein the 
.mmune system is over active. Anti-IFN-gamma VHHs of the present invention may be 
derived from the new class of VHHs described above, or may be derived from any of the 
20 other classes of VHHs. including the major class of VHH. 

The above aspect and embodiments appty to a heterospecific poiypeptide construct 
comprising one or more anti-IFN-gamma VHHs fused to one or more anti-serum protein 
smgle domain antibodies wherein said anti-IFN-gamma VHHs correspond to any of SEQ ID 
25 NOs: 46 to 62, a homologous sequence thereof, a functional portion thereof, of a homoiogous 
sequence of a functional portion. 

The above aspects and embodiments apply to a heterespecific poiypeptide construct 
comprising one or more anti-IFN-gamma single domain antibodies fused to one or more anti- 
I0 serum protein VHHs wherein said anti-serum protein VHHs correspond to any of SEQ ID 
NOs: 1 to 3, a homologous sequence thereof, a functional portion thereof, of a homoiogous 
sequence of a functional portion thereof. 
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LloonJ- T T emb ° dimentS 3PP * to a heterospaciflc poiypeptide construct 
co^spond.ng to any of SEQ .D NOs: 63 to 65 (anti-IFN-gamma VHH/anti-sarum albumin 

3 h ° m °'°9° us se <^"<* thereof, a functional portion thereof, of a homologous 
sequence of a functional portion. «'"gous 

5 

Cloning vehicle 

anlTatT °' ^ PreSen ' ' nVe "" 0n 13 * ^BOOmbhan, *" «— • a* 

ancodlng a ha te roapac,nc pofcpapUda construct according to ,„ a invanaon. In one aspaot of 

*e , ,nvan,,on, sa,d nuclafc acid ancodas ona or mora s,n 9 ,a doma,n ant^odiaa each dlcW 
. to a ftarapauoo or d Bg nos«o targat an«gan a „d nuclalc add ancodhg ona or mora alngte 
doma* andbodtoa d.™** to a sarum ^ sald slntfe ^n J^jj* 
•ntorvanmg ^ or wah ona or mo. papOda llnKar aaquancaa. Accenting to one 
^™a m on,a 1 ,„araaguanoa l aan ysutabl a B n to r S aguanca^ lntne ^ Acrort P r^ 
anoftar aspect of ma Invention, a Mter sequence ,a a natural* occurring sequel 
P^-d Propamaa of ««. sequences ara ma, ma y are no, Immunogenic oT^oi 

oo^mT "7T* <h6y Pro * 18 SUf "* nl <° *° hammapeomo 

poiypepude consfrua, and ara reslston, to pmteolyUc degmdaaon. An axempie of a anker 

eccordmg to ma lnven«on !s M dtootoead In PCT/EP96/01725 which ,a deLd from Z 
hinge region of VHH. 

According to another aspect of the invention, a Cone comprises nucleic acid of a encoding a 
polypeptide corresponding to a sequence represented by any of SEQ ID NOs- 1 to 3 a 
homologous sequence thereof, a functional portion thereof, or a homoiogous sequence of a 
functional portion, together with nucleic acid encoding one or more anti-target single domain 
ant,bod,es, a homologous sequence thereof, a functional portion thereof, or a homologous 
sequence of a functional portion thereof. 

According to another aspect of the invention, a clone comprises nucleic acid capable of 
encodmg a polypeptide corresponding to a sequence represented by any of SEQ ID NOs- 7 
to 39, a homologous sequence thereof, a functional portion thereof, or a homologous 
sequence of a functional portion thereof, together with nucleic acid encoding one or more 
anti-serum protein single domain antibodies, a homologous sequence thereof, a functional 
portion thereof, or a homologous sequence of a functional portion thereof. 
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According to another aspect of the invention, a clone comprises nucleic acid capable of 
encoding a polypeptide corresponding to a sequence represented by any of SEQ ID NOs- 4 
to 6. a homologous sequence thereof, a functional portion thereof, or a homologous 
5 sequence of a functional portion thereof 

It Is within the scope of the invention that nucleic add encoding multiple anti-target and/or 
multiple anti-serum VHHs are present in a clone of the Invention. 



10 



By transferring a compatible host with a clone encoding a heterospecific polypeptide 
conslruct of the invention, the heterospecific polypeptide construct can be produced in 
sufficient quantities for use in therapy. Examples of organisms into which said clone may be 
transformed include, but are not limited to E caff or Sacchonmyces cerevislae. 

15 Anotter embodiment of the present invention is a method for pronging the half-life of an 
anti-target-VHH comprising the step of joining thereto one or mona anti-serum albumin VHHs 
As already mentioned above, methods for joining are known in the art or may be any future 
method, for example, they may be fused by chemical coupling, fused at the DMA level etc 
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Treating, preventing and/or alleviating the symptoms of one or more of the disorders 
mentioned herein generally involves administering to a subject a "therapeutically effective 
amount" of polypeptide. By "therapeutically effective amount", 'therapeutically effective dose" 
and "effective amount" means the amount needed to achieve the desired result or results 
One of ordinary skill in the art will recognise that the potency and, therefore, an "effective 
amounr can vary for the various compounds that inhibit a disorder pathway used in the 
mvent.on. One skilled in the art can readily assess the potency of the compound. 

As used herein, the term "compound" refers to a heterospecific polypeptide construct as 
disclosed herein, a polypeptide represented by SEQ ID NOs: 4 to 6. a homologous sequence 
thereof, or a homologue thereof, or a nucleic acid capable of encoding said polypeptide. 

By "pharmaceutical^ acceptable" is meant a material that is not biologically or otherwise 
undes.rable. I.e., the material may be administered to an individual along with the compound 
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T^ZTr ^ Unde8irab ' e b ' 0 ' 0£ " ra ' *** ' h,eraC " n9 3 d —*» ■ «* 

any of the Cher components of the pharmaoeuUca, composition h which It Is contained. 

The Invention disclosed herein Is usefu, for Ireadng or parting a condition relating to a 
5 disorder as mentioned herein (e.g. a,,«gy and/or Inflammation). In a subject mJZHl 
administering a pharmaceutic^ effect amount of a compound or £££ZZ e 
fo a component Involved <n foe disorfer pathway (e.g. fo ,g E and/or TNF-alpha In foe blood 
stream), so inhibiting the disomer pathway and foe disorder. 

> One aspect of the present invention is foe use of compounds of foe Invention for treating or 
prevenbng a condition relating fo a disomer as mentioned hen* (eg aZv ZZ 
Ration, ,„ a «*- and contpdslng admlnistedng a phatmaceud 1 i^amC 
of a compound ,n combination with another, such as. for example, aspirtn. 

The present Invention Is not Ifodted to the admlnlstmBon of (ovulations comprtsing a single 
compound of foe Invention. I, Is wHhin foe scope of foe invendon fo 

3 *""«» ia ««— <° * P*.en, In need thereof foa^m^ 
more than one compound of the Invention. "*npnses 

It is well Known in the art how to determine foe inhibition of a 

nr a ^, r d t *• w us,n9 *• s,m,,ar - 

result In at Ieasta10% reduction In an hdlcatorof the disomer. including forexamole J 
20%. 25 %. 30%. 40%. 5 0%,00%. 70%. 30%, go%. 100 %. or any amount t mot 

p»r^fo a"" a " ,nh "*° n * " ~* ~ * «-*» 

pep 0 deoffoe,nvemtonmlg| rtre sultina10%^uc«onlnfood- S pecmclg E .evels. 

The compound usefoi In the present invendon can be formulated as pharmaceudca, 
composes and administer fo a mammon host, such as a human padenLany ante 
tn a vanety offotms adapted fo foe chosen mute of admlnishadon, Lily or pamnZy 

J ZTT^ " PreSent inVen ' l0n alS ° ^ •*"*«• " S 'ng gene ttetBpy 
mefooda of delivent. See. e.g.. U.S. PatentNo. 5,309,346, which is Incorporated by mfamnol 
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In its entirety. Using a gene therapy method of delivery, primary celis transfected with the 
gene for the compound of the present invention can additionally be transfected with tissue 
specific promoters to target specific organs, tissue, grafts, tumors, or cells. 

Thus, the present compound may be systemically administered, e.g., orally, in combination 
w.th a pharmaceutical^ acceptable vehicle such as an inert diluent or an assimilable edible 
carrier. They may be enclosed in hard or soft shell gelatin capsules, may be compressed into 
tablets, or may be incorporated directly with the food of the patient's diet. For oral therapeutic 
adm,n.stration, the active compound may be combined with one or more excipients and used 
n the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions 
syrups, wafers, and the like. Such compositions and preparations should contain at least 
0.10/0 of active compound. The percentage of the compositions and preparations may of 
course, be varied and may conveniently be between about 2 to about 60% of the weight of a 
g.ven unit dosage form. The amount of active compound in such therapeutically useful 
1 5 compositions is such that an effective dosage level will be obtained. 

The tablets, troches, pills, capsules, and the like may also contain the following: binders such 
as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate- a 
disintegrating agent such as com starch, potato starch, alginic acid and the like; a lubricant 
such as magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or 
aspartame or a flavoring .agent such as peppermint, oil of wintergreen. or cherry flavoring 
may be added. When the unit dosage form is a capsule, it may contain, in addition to ' 
matenals of the above type, a liquid carrier, such as a vegetable oil or a polyethylene glycol 
Various other 

matenals ^ be P resent as """"OB or to otherwise modify the physical form of the solid 
unit dosage form. For instance, tablets, pills, or capsules may be coated with gelatin wax 
shellac or sugar and the like. A syrup or elixir may contain the active compound, sucrose or 
fructose as a sweetening agent, methyl and propylparabens as preservatives, a dye and 
flavoring such as cherry or orange flavor. Of course, any material used in preparing any unit 
dosage form should be pharmaceuticaily acceptable and substantially non-toxic in the 
amounts employed. In addition, the active compound may be incorporated into sustained- 
release preparations and devices. 
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The active compound may also be administered intravenously or intraperitoneally by infusion 
or injection. Solutions of the active compound or its salts can be prepared in water, optionally 
mixed with a nontoxic surfactant. Dispersions can aiso be prepared in glycerol, liquid 
polyethylene glycols, triacetin. and mixtures thereof and in oils. Under ordinary conditions of 
storage and use, these preparations contain a preservative to prevent the growth of 
microorganisms. 

The pharmaceutical dosage forms suitable for injection or Infusion can include sterile 
aqueous solutions or dispersions or sterile powders comprising the active ingredient which 
are adapted for the extemporaneous preparation of sterile injectable or infusible solutions or 
drspersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage form 
must be sterile, fluid and stable under the conditions of manufacture and storage. The liquid 
carrier or vehicle can be a solvent or liquid dispersion medium comprising, for example 

W Tl"T?' 3 P ° ly ° l (for eXamP,e ' 9,yCer0, • PrOPy,ene K « u,d Polyethylene glycols.' 

and the l,ke), vegetable oils, nontoxic glyceryl esters, and suitable mixtures thereof The 
proper fluidity can be maintained, for example, by the formation of liposomes, by the 
mamtenance of the required particle size in the case of dispersions or by the use of 
surfactants. The prevention of the action of microorganisms can be brought about by various 
antibacterial and antifunga. agents, for example, parabens. chlorobutanol. phenol, sorbic 
acd. th,merosal. and the like. In many cases, it will be preferable to include isotonic agents 
for example, sugars, buffers or. sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compound in the required 
amount in the appropriate solvent with various of the other ingredients enumerated above as 
required, followed by filter sterilization. In the case of sterile powders for the preparation of 
stenle mjectable solutions, the preferred methods of preparation are vacuum drying and the 
freeze drying techniques, which yield a powder of the active ingredient plus any additional 
desired ingredient present in the previously sterile-filtered solutions. 

For topical administration, the present compound may be applied in pure form, i.e., when they 
are l.quids. However, it will generally be desirable to administer them to the skin as 
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compositions or formulations, in combination with a dermatologically acceptable carrier 
which may be a solid or a liquid. 

Useful solid earners inciude finely divided solid, such as talc, clay, micn.crysta.line cel.ulose 
5 s,l,ca, a um.na and the like. Useful liquid carrier* include water, hydroxyalkyls or g,yco,s or 
water : arc 0 ho,/ g ,yco, blends, in which the present compound can be dissolved or dispersed at 
^ect^eve Is, opt,ona..y with the aid of non-toxic surfactants. Adjuvants such as fragrances 
and addrtional anfmicrobia. agents can be added to optimize the properties for a given use 
10 ^ e ; eSU,tan !, ,, ' qUfd COmPOSitf ° nS «" be a ^' ied f -m absorbent pads, used to impregnate 
sp'ratT dreSSin9S ' " ° ne ° ^ affeCted ar6a USfng PUm,> * pB ° r aeroso ' 

Thickeners such as synthetic polymers, fatty acids, fatty add salts and esters, fatty alcohols 
modrfted celluloses or modified mineral materials can also be employed with liquid easier* to 
15 form spreadable pastes, gels, ointments, soaps, and the like, for application directly to the 
skin of the user. 

Examp.es of useful dermatologica. compositions which can be used to deliver the compound 
to the stan are known to the art; for example, see Jacquet et al. (U.S. Pat No 4 608 392) 

Useful dosages of the compound can be determined by comparing their in vitn activity and 
m v,vo activity in animal models. Methods for the extrapolation of effective dosages in mice 
25 and other animals, to humans are known to the art; for example, see U.S. Pat. No. 4,938,949.' 

Genera.ly, the concentration of the compound(s) in a liquid composition, such as a lotion will 
be from about 0.1-25 wt-%, preferably from about 0.5-10 wt-o/ 0 . The concentration in a semi- 
solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%, preferably 
30 about 0.5-2.5 wt-%. H y 

The amount of the compound, or an active salt or derivative thereof, required for use in 
treatment will vary not only with the particular salt selected but also with the route of 
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administration, the nature of the condition being treated and the age and condition of the 
patent and will be ultimately at the discretion of the attendant physician or clinician. Also the 
dosage of the compound vanes depending on the target cell, tumor, tissue, graft, or organ. 

ITJTl T ^ C ° nVentent,y be ? resented h a singie dose or as divided doses 
adm,n,stered at appropriate intervals, for example, as two, three, four or more sub-doses per 
day. The sub-dose itself may be further divided, e.g., into a number of discrete ioosely 
spaced adm.n.stnrfions; such as multiple inhalations from an insufflator or by application of a 
plurality of drops into the eye. wwwronora 

ZTT Str T r69imen C ° U,d ' ndUde ,0ng - term ' d ^ « eM - By ""ong-term» is meant at 
J, Preferab,y ' WSekS ' m ° nthS - ° r ^ * dura «- necessary 

on y routine experimentation given the teachings herein. See Remington's Pharmaceutical 
Scrences (Martin, E.W., ed. 4), Mack Publishing Co.. Easton. PA. The dosage can also" 
adjusted by the individual physician in the event of any complication 
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FIGURES 

Figure 1. Figure 1. Phage ELISA of PBL-derived VHH libraries against mouse serum aibumin 
versus lymph node punctlons 

Figure 2. Sequences of VHHs raised against mouse serum albumin (SEQ ID NOs- 1 to 3) of 
bivalent constructs consisting of anti-mouse serum albumin VHH and anti-TNF-alpha VHH 
wherein the underlined sequence is a linker (SEQ ID NOs: 4 to 6), of VHHs directed againsi 

vhm f L° N ° S: 7 10 16) ' ° f ^ dlreCted a9ainSt W - a!pha < SEQ ,D NO* 17 to 29). of 
VHHs Greeted against WVF (SEQ ID NOs: 30 to 39). of bivalent constructs consisting of anti- 
mouse serum albumin VHH and anti-vWF VHH. wherein the underlined sequence is a tinker 
(SEQ ID NOs: 40 to 42). of bK,a,ent constructs consisting of anti-mouse serum album* VHH 
and anti-lgE VHH. wherein the underlined sequence is a linker (SEQ ID NOs- 43 to 45) of 
VHHs directed against IFN-gamma (SEQ ID NOs: 46 to 62 ) and bivalent censtructs 
coasting of anti-mouse serum albumin VHH and anti-IFN-gamma VHH (SEQ ID NOs: 63 to 
1 o 65). 

Figure 3. Results of experiments to test cross-reactivity according to Example 8 wherein 1= 
p.g plasma, 2= human plasma. 3= rat plasma. 4= mouse ptasma. 5= rabbit piasma. 6= 
hamster plasma. 7= baboon plasma. 

Figure 4. Binding of purified VHH to human serum albumin as tested by ELISA 
Figure 5. Binding of purified VHH to mouse serum albumin as tested by ELISA 
Figure 6. Sandwich ELISA to verify functicnality of both VHHs in the bispecific protein 
Figure 7. Phage ELISA for vWF. .domain of gpia/lla. gplb. collagen and casein (negative 
control) for VHH libraries of llama 002 or llama 004 PBL (first and second bleeding) versus 
lymph node punctions. 

Figure 8: Western blot for expression of the A1 and A3 domain of vWF on the surface of 
Eco// as a fusion with Oprt. 

Figure 9: Results of sequencing A1 or A3 specific binders according to Example 6 
Figure 10. Binding of purified C37. A50 or A38 to vWF measured by ELISA. 
Figure 11: The results of experiments to determine" the inhibitory effect of VHH upon the 
30 binding of vWF to collagen as in Example 3. 

Figure 12: The results of experiments to determine the inhibitory effect of VHH upon the 
binding of vWF to the platelet receptor gplb as in Example 4. 
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Figure 13: Agarose gel of DNAse digest of vWF fragment (aa 1371 to 111 985) with 
decreasing concentrations of DNAse. 

Figure 14. Binding in ELISA to vWF for C37 stored at -20°C as compared to C37 incubated at 
37°C for 196 hours. 

Figure 15. Residual activity for C37 stored at -2<TC as compared to C37 incubated at 37'C 
for up to 194 hours. C37 stability is compared to stability of a scFv specific for B3 antigen and 
a stabilised form, dsFv (stabilised by 2 disulphide bonds). 
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EXAMPLES 



The invention is illustrated by the following non-limiting examples. 
Example 1 : Immunisation of llamas 

One llama was immunized with human serum albumin (HSA). The immunization scheme is 
summarized in Table 1 . 
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Day of immunization 


HSA 

Llama006 


0 


100 ua 


7 


100 up 


14 


50 u.Q 


21 ~ I 


50 HQ 


28 


50 ug 


35 


50 ug 



Table 1: Immunisation scheme according to Example 1 

Example 2: Repertoire cloning 

Different sources for RNA extraction were used: 

- 150 ml blood, between 4 and 10 days after the last antigen injection 

- lymph node biopsy 4 days after the last antigen injection 

Peripheral blood lymphocytes (PBLs) were isolated by centrifugation on a density gradient 
(Ficoll-Paque Plus Amersham Biosciences). PBLs and lymph node were used to extract total 
RNA (Chomczynskl and Sacchi 1987) followed by synthesis of cDNA using a hexanucleotide 
random primer. The repertoire was amplified using two hinge-specific primers- 
AACAGTTAAGCTTCCGCTTGCGGCCGCGGAGCTGGGGTCTTCGCTGTGGTGCG and 
AACAGTTAAGCTTCCGCTTGCGGCCGCTGGTTGTGGTTTTGGTGTCTTGGGTT and a 
framework 1 specific primer GAGGTBCARCTGCAGGASTCYGG. Fragments were digested 
with Pstl and Notl and cloned into a phagemid vector. The repertoire was transformed in TG1 
electrocompetent cells and plated on LB agar plates containing 100 ug/ml ampicillin and 2% 
glucose. Colonies were screened for the presence of insert by PCR with vector specific 
primers. 
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Example 3: Rescue of the library, phage preparation 

Ubraries were grown at 37«C in 60 ml 2xTY medium containing 2% glucose, and 100 pg/ml 
ampnftn. until the ODSOOnm reached 0.5. io« M13KQ7 phages were added and the mixture 
was incubated at 37'C for 2 x 30 minutes, first without shaking, then with shaking at 100 rpm 
Cei,s were centrifuged for 10 minutes at 4500 rpm at room temperature. The bacteria, pellet 
was -suspended in 300 mi of 2xTY medium containing 100 ug/m, ampicii.in and 25 pg/ml 
kanamycn, and incubated overnight at 30°C with vigorously shaking at 250 rpm The 
overnight cuitures were centrifuged for 15 minutes at 10,000 rpm at 4»C. Phages were" PEG 
predated (20% poiy-ethyiene^lyco, and 1.5 M Nad) and centred for 30 minutes at 
10*00 pm. The pellet was resuspended in 20 ml PBS. Phages were again PEG precipitated 
and centrifuged for 30 minutes at 20,000 rpm and 4'C. The pellet was dissolved in 5 mi PBS 
Phages were titrated by infection of TG1 cells at OD600nm= 0.5 and plating on LB agar 

, P nd a " t CO ^ nin9 h 10 ? 9/m, amPiCn " n ^ 2% 9,UCOSe - ^ " Umber <* transformed 
mdtcates the number of phages (= pfu). The phages were stored at-80'C with 15% glyceroi. 

Example 4: Phage ELISA 

A microtiter plate (Maxisorp) was coated overnight at4'C with PBS-1% casein or with 5 pg/m. 
HSA or MSA. The piate was washed 3 times with PBS-Tween (0.05% Tween20) and biocked 
for 2 hours at room temperature with 200 p. PBS-1% casein. The plate was washed five times 
wth PBS-Tween. Phages were prepared as described above and applied to the welis in 
consecutive twofold dilutions. Plates were washed five times with PBS-Tween. Bound phage 
were detected with a mouse monoclone, antibody anti-M13 conjugated with horse radish 
perox,dase (HRP) d.iuted 1/2000 in PBS. The plates were washed five times with PBS- 

T rrr ^ Perf0rmed ^ ABTS/H202 a ° d Si9na,S Were measured ^ 30 minutes 

25 at 405 nm (see Figure 1 for HSA). 
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Example 5: Selection: first and second round of biopanning 

A well in a microtiterplate was coated with 10 pg/m. mouse serum albumin (MSA), or with 
PBS containing 1% casein. After overnight incubation at 4'C, the wells were blocked with 
PBS containing 1% casein, for 3 hours at RT. 200 p, phages of the three iibraries were 
pooled and 100 pi of this pool was added to the wells. After 2 hours incubation at RT the 
welis were washed 10x with PBS-Tween and 10x with PBS. Bound phages were e.uted with 
100 ul 0.2 M giycin buffer pH= 2.4. Elutions were performed for 20 minutes at room 
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temperature. Eluted phages were allowed to infect exponentially growing E. coU TG1 cells 
and were then plated on LB agar plates containing 100 ug/ml ampicillin and 2% glucose A 
second round was performed with the same conditions as described above. Results are 
summarized in Table 2. 





First round 


Second round . 


Pfu mouse serum albumin 


2.5x10' 


2.5 x10 7 


Pfu casein 


5x10 3 


2.5 x10 3 


Enrichment 


5,000 


10,000 



Table 2: Results of first and second round selection of anti-MSA VHH according to Example 
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Example 6: Screening of individual clones after blopanning 

ELISA- binding to human semm albumin /hsai Mtt r ouse mtmm alh „ m[ . 
A microtiter plate was coated with 5 ug/ml HSA. with 5 ug/ml mouse serum albumin (MSA) or 
with PB8-1% casein, overnight at 4'C. Plates were blocked for two hours at room 
temperature with 300 pi 1% casein in PBS. The plates were washed three times with PBS- 
Tween. Periplasms fraction was prepared for 23 individual clones after the first and second 
round of selection, and allowed to bind to the wells of the microtiter plate. Plates were 
washed six times with PBS-Tween, after which binding of VHH was detected by incubation 
with mouse anti-Hlstidine monoclonal antibody Seratec MCA 1396 (1/1000 dilution) in PBS 
for 1 hour at RT followed by anti-mouse-alkaJine phosphatase conjugate 1/2000 in PBS also 
for 1 hour at RT. Staining was performed with the substrate PNPP (p-nitrophenyi-phosphate 
2 mg/ml in 1 M diethanolamfne, 1 mM M g2 S0 4 , p H 9.8) and the signals were measured after 
30 minutes at 405 nm. Results are summarized in Table 3 





First round 


Second round 


ELISA mouse serum albumin 


1/16 


15/16 


ELISA human serum albumin 


1/16 


15/16 


ELISA casein 


0/16 


0/16 



25 Table 3. Results of biopanning according to Example 6. 
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Example 7: Hinfl pattern and sequencing 

A PGR was performed on 16 colonies after the second round of panning, with a set of primers 
binding to a sequence in the vector. The PGR product was digested with the restriction 
enzyme Hinfl and loaded on a agarose gel. 3 clones were selected with a different Hinfl- 
pattern for further evaluation. Those clones were sequenced, and results are summarized in 
Figure 2 (MSA21, MSA24, MSA210). 



Example 8: test cross-reactivity with albumin of different species 
A SDS-PAGE was run for plasma (1/10 dilution) from different species (baboon, pig, hamster 
human, rat. mouse and rabbit) and blotted on a nitrocellulose membrane. Phages were 
prepared for clones MSA 21. MSA 24, MSA 210 and a Irrelevant VHH as described in 
15 example 3. Phages were allowed to bind to the nitrocellulose blotted serum albumins and 
unbound phages were washed away. Binding was detected with a anti-M13 polyclonal 
antibody coupled to HRP. DAP was used as a substrate for detection. Results are shown in 
Figure 3. 

20 From these results we can conclude that all 4 binders are cross-reactive between pig human 
mouse and hamster serum albumin. MSA 21 is also cross-reactive with rabbit serum albumin.' 

Example 9: Expression and purification 

Plasmid was prepared for the binders and was transformed into WK6 eiectrocompetent cells 
25 A single colony was used to start an overnight culture in LB containing 2% glucose and 100 
ng/ml ampicillin. This overnight culture was diluted 100-fold in 300 ui TB medium containing 
100 ug/ml ampicillin. and incubated at 3rc until OD600nm= 0.5. 1 mM IPTG was added and 
the culture was incubated for 3 more hours at 37*C or overnight at 28'C. 
Cultures were centrifuged for 20 minutes at 10.000 rpm at 4*C. The pellet was froozen 
30 overnight or for 1 hour at -20'C. Next, the pellet was thawed at room temperature for 40 
minutes, re-suspended in 20 ml PBS and shaken on ice for 1 hour. Periplasm* fraction was 
isolated by centrifugation for 20 minutes at 4"C at 20.000 rpm. The supernatant containing 
the VHH was loaded on Ni-IMTA and purified to homogeneity. 
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Example 10: ELISA on purified VHH 

An ELISA was performed with the purified VHH as described in Example 6. VHH were 
applied in dilutions starting at a concentration of 2 pM. VHH were tested for binding to MSA 
m^a 8 PBS-1% casein. No binding was observed for PBS-1% casein. Results for HSA and 
MSA are summarized in Figures 4 and 5. 
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Example 11: Making bispecific constructs 

T^Tr™' 8 , ^ " aPP « raBOn «■*•' WO 9*34103. 

The madia h,n»e of llama was used as a Hater between tha VHHs. A VHH against TNF- 

alpha wae cloned a, the COOH terminal of MSA speolflo VHHs. Plaamid was prepared and 

was sansfcrmad Wo WK6 etecbocompeten, oalls. A single colony was use* ,o star, a^ 

overnight outturn in LB confining 2% gluC0 se and 100 pg/ml ample*. This overnight culture 

IVZZT ,n 300 *" TB med,um cmtel * 9 100 m " mi *~ - * 

hllr^ T 1 ^ IPTQ ^ «•—*» — '-abated for 3 mora 

Cuiteres wara centrifuged for 20 minutes at 10.000 rpm al 4'C. Tha pallat was froozan 
overnlgh. at -200. Tha nex. morning, ma pallat was .hawed in tha cold room for 40 rn.nu.as 
ra-^spandad ,„ 20 m, PBS and shaten on loa for 1 hour. Pedptesmic foacdon was j£ 

ITTT ** 20 mi " U,eS " 4 '° * 10 000 *»■ ™- I was ,oadad on NP . 

Z^pTf * h0m ° flene,, >'- •«»— -«■» 1" Rgure 2 {MSA 21/TNF36 , MSA 
24frNF3E,MSA210/TNF3E).Thehlhgelsunderilned. 

Example 12: Testing bispecific construct in sandwich ELISA 

A microtiter plata was coatad with 5 pg/ml MSA overnight at 4"C. Plates were blocked for two 
hours at room temperature with 300 pi 1% casein in PBS. The plates were washed three 
dmes with PBS-Tween. Purified protein for the t*p«*lo constrects was allowed to bind to 
the wails of the microdterpiale at a concentration of 2 pg/mL Piates were washed six dmes 
w* PBS-Tween. BloMiated TNF was added a. a cohcantmto of 10 pg/m. and diluted 3 
fold and allowed to bind for 2 hours at mom temperature. Binding was defected by Incubation 
vwth mouse exiravldln alkaline phosphatase conjugate (Sigma) 1/2000 In PBS, for 1 hour at 
RT. Staining was performed with the substrate PNPP (p-nitmphenyPphosphate, 2 mg/ml in 
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1M diethanolamine, ImM Mg 2 S0 4 , pH9.8) and the signals were measured after 30 minutes at 
405 nm. Results are shown in Figure 6 and indicate that the blspecific construct can bind both 
antigens simultaneously. 
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Example 13: Pharmacokinetics in mice 

Monovalent and bispecific protein was administered as a bolus in mice at 0.5 mg/kg At 
different time points after administration, blood samples were collected and the presence of 
monovalent or bispecific protein was tested in ELISA as described in Example 8. 

Example 14: VHH directed against IgE 

Two llama's were immunized with Human IgE. Scripps laboratories. Cat nr. I0224 The 
following immunization schemes were used according to Table 4. 



Day 


Llama 2 


Llama 4 


0 


100 pg 


100 pg 


7 


100 pg 




14 


50 jjg 




21 


50 pg 


100 pg 


28 


50 pg 




35 


50 pg 




42 




50 pg 


70 




50 pg | 



Table 4: Immunisation scheme 



Different sources for RNA extraction were used: 

- 150 ml immune blood, between 4 and 10 days after the last antigen injection 
20 - lymph node biopsy 4 days after the last antigen injection 

Peripheral blood lymphocytes (PBLs) were isolated by centrifugation on a density gradient 
(F.coll-Paque Plus Amersham Biosciences). PBLs and lymph node were used to extract total 
RNA (Chomczynski and Sacchi 1987) followed by synthesis of cDNA using a hexanucleotide 
random primer. The repertoire was amplified using two hinge-specific primers: 
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AACAGTT^GCTTCCGCTTGOSGCCGCGGAGCTGGGGTCTTCGCTGTGGTGCG _ 

specific primer: 

GAGGTBCARCTGCAGGASTCYGG. 



10 



^ZT T ^ ^ N °" W *"* a ^"*< vector. The 

repartee was transformed ,n T<3, elecbocompeten. cells and ptated on LB agar pla.es 
confa,n,ng 100 Og/ni, ample*, and 2% glucose. Cotontss were screened for the p^ent o, 
insert by PCRwTC, vector specfflcpnme,*. Result summartzed inTable s 



Uama002 



#days after last injection 



Llama004 



10 



4 

To" 



Source RNA 



Lymph 
PBL 



PBL 



PBL 



Table 5. Results of screening 



Lymph 
PBL 



Size of the library 

1.3x10' 



1.9x10' 
171 x 10 s 



1.7x10° 



4.9x10' 



2.2x10° 



% insert 



89 



95 



70 



15 



20 



Sevens we™ done ustng chlmaertc tgE instead of human IgE, used for .mmunlza.fon. ,n 
ortler to select for VHH molecules directed against foe constant regton of IgE The reo on 

^ cove^ ^ 

Adrst ee.ec.lon was performed using the poo. of PBL dav4, PBL daylo and lymph node day4 

'^^°™e.™,,sma*.Ch,mae^ 

ug/ ml and specific phages were, elutad using 0.1 M 3!ycine pH = 2.5. 

The results obtained are shown in Tahle 6. 
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| 5 pg/ ml 


0.5 pg/ml 


o pg/ml (blank) 


Llama 2 

(pool PBL day4, PBLdaylO. lymph node day4) 


[ 1-4 10" 


2.7 10* 


1.5 10 4 






Enrichment compared to blank ' 


400 x 






Llama 4 " ' 

(poo! PBL day4, PBLday10 t lymph node day4) 


3.3 10° 


4.5 10 6 '" 


7.2 10 4 






Enrichment compared to blank ( 


140 x 


6,25 x 




Tab,e * Results 


Of 


first 



selection 



5 A e0H ° n Perf0m,ed USln9 1,18 reSCUed Phages from the ** setectlon using 5 

ZT b Z ma T f T SO " d PhaSS ^ 1 ^ ^ ^ "^es were e.uL 

using buffy coat cells or lysozyme for 1 hr. Buffy coat ceils contain ceiis expressing the 
Fc^eceptor. while lysozyme is an irreievant protein and serves as a controi. The results 
obtained are shown in Table 7: 



10 



Llama 2 


1 pg/ ml 

Elution buffy coat 
cells 


1 pg/ml 

Elution ' 
Lysozyme 


Q(ig/ ml 

Elution buffy coat 
cells 


Opg/ ml 

Elution 

Lysozyme 


(selection 5 pg/ mi IgE: 400 
x enrichment) 


1.2 10* 


1.2 10* 


b'10 J 


3 10 d 


Enrichment compared to" 
lysozyme elution 
Llama 4 


No enrichment 






2x 


(selection 5 pg/ ml IgE: 140 
x enrichment) 


1.3 10° 


2 10' 


3 10 J 


3 10 J 


Enrichment compared to 
lysozyme elution 


6.5 x 




no enrichment 




/. russuiis or second selection 







Another second round selection was performed using neutravidine coated tubes and 2 nM 
blotlnylated IgE. Specific phages were eluted using buffy coat cells or lysozyme for 1 hr. Buffy 
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coat ce/ls contain cells expressina th^ P^ ra „= *. 




binding to bod, hUm an l9 E and JZrt^ * T "l m,mber " — • — PosiHve for 
aummarisad In Tab.* » 86 *" numbsr ° f *— * EUSA am 



Llama 002 



Uama 004 



selection with 5 ^g/mJ 



39/47 



45/47 



Selection with 0.5 ng/ml 



21/47 



46/47 



15 



Clones were picked which were positive for hum™ a „w 

»C R ana dlgastad ^ Hinfl Hind p^T^T *'™3nc IgE binding, amplified by 

~ — • for dldfcen, r^SZ Z^TTj" ~ ^ " - 
shown in Figure 2. sequenced. The sequences obtained are 
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Example 15: VHH directed against vWF - Immunization of llamas 

2 llamas were Immunized a ooc«a„ of vWF. platele, receptor gplb. platelet moaptor 
oplay. a (domain) and collagen. The Immunization schemes are summanzed In Tab.es 10 



10 



15 



20 



Uama002 

Day of immunizat ion 
0 



21 



28 



35 



vWF 



100 ug 



100 qg 



50 ug 



50 ug 



50 ug 



Table 10. lmmun<sati'on°sSe mn^}dtng to Example 15 



rgplb 



40 ug 



4Q m 



20 ug 



go ug. 



20 



gpla/la 
Oal-domain 



40 



40 



H3_ 



H3_ 



20 ug 



20 ug . 



20 



20 ug I 20 ug 



Collagen 



100 



100 



50 



SO m 



50 



50 ug 



25 



Uama004 

Day of Immunization 



21 



42 



vWF 



100 ug 



100 ug 



50 ug 



rgplb 



40 ua 



40 ug 



20 ug 



gpla/la 
Ckl-domain 



40 ug 



40 ug 



7n — — — 1--.- • - - ^ | 20 ug i ou uq 

■ J50ug I^ Ouql20u Q — £Fr7Z 

Tab,e 11- Immunisation scheme according to Example 15 



Collagen 



100 ug 



100 ug 



50 ug 



Example 1 6: VHH directed against vWF - Repertoire cloning 

Different sources for RNA extraction were used; 

- 150 ml immune blood, between 4 and 10 days after the last antigen injection 

- lymph node biopsy 4 days after the last antigen injection 

Panpheral b.ood lymphocytes (PBLs) were isolated by centnfugafon on a density gradient 
(Roo I, Pague Plus Amersham Biosciences,. PBLs and .ymph node were used to e*rL tota, 
RNA (Chomozynski land Sacch. 1987, followed by synthesis of cDIMA using a hexanucieotidj 

rePert ° ire ^ amP ' ffied USl "9 two hinge-specific primers- 
AACAGTTAAGCTTCCGCTTGCGGCCGCGGAGCTGGGGTCTTCGCTGTGGTGCG a^nd 
AACAGTTAAGCTTCCGCTTGCGGCCGCTGGTTGTGGTTTTGGTGTCTT 

^ Pstl and Mot. and cloned into a phagemid vector. The repertoire was transformed in TG1 
eiectrocompetent ceils and piated on LB agar piates containing 100 ,g/m, ampiciiiin and 2% 
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glucose .Colonies were screened for the presence of insert by PGR with vector specific 
primers. Results are summarised in Table 12. P ° 



r 



I gciays after las t iniecHnn 

[4 ~ 



Source RNA 
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B*~y. 17: VHH directed agalnsl vWF . Rescue of the libra*, phaga preparation 

mixluro was incubated a, 37-c Z Tjl^T, "T* ^ ^ and 

bacteria, peHet wee resuepended In 300 ml JTry nlT . '° 0m tempera,ure - ™» 
and 25 ^ fcanamydn and ^Z^7^Z1 7 T amPk31 "" 
r TJ. cuKuros we, canned 

were PEG precipitated (20% poiy-elhylene*co, and 1.5 M NaO and^Ll F. J . , 
minutes at 10.000 rpm. The pe»e. was suspended >„ 20 nTpBS P « 9 ° 

pnacipiteted and censed for 30 minutes a. 20.00^ ^ andX £7.7" a9a ' n ^ 
In 5 ml PBS. Phages wero titrated by ,nfe=«on of TG1 « Or^oT „ ' "'^ 
LB agar plates oonteinlng 100 pg, m , emplcMIn and I fy ^ £ " d Pte " ng °" 

indioates the numberof phages (= ofuTZT^ "umber* transfbrmants 

phages (-phi). The phages were slonad at -80-C with 1S% glycerol. 

Example «: VHH directed agalnstvWF - Phage ELISA 

A microliter plate (Maxlscp) was coated ovemigh, aM'C with PBS-1% casein, 2 pg, ml w 
1 0 pgAnl gplb or 25 pg,ml ,p Ia/la ,„ 

coated overnight at 4*C with 1 % casein and 25pg/ml collaqan In PBS Th. , . BC '^ 

3 times wilh PBS-Tween (0.05% Tween20, JtZZZZZZt *~ *" 

2QQ iii prq Ho/ • ^ DiocKed for 2 hours at room temperature with 

oLld d TT ^ " ^ *■ *" eS — PBS - T — • Pheoes wane 
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«h HRP d.luted V20O0 ,„ pbs. The pletes were washed Ave times wire PBS-Tween 
M, was perfbmred wlth ABTS/H202 and slonals ^ re ,„„ „,„ 
nm. The resulte are presented In Figure 7. ft is deer tan. the resufte that epeciflcWH ere 
present in all libraries for all the different antigens. 6 

Example 19: VHH directed against vWF - Selection 

Immunotubes were coated wfth 2 pg/nrl vWF or wfth PBS containing 1% casein After 
overnight Incubedon a, 4"C, the ft*es were b,o*ed with PBS containing ^e n £ 
hours at RT. 200 „ phages „ ^ , hree ^ „ 9 " 

enmuno^ee wfth a fine, volume of 2 m, in PBS. After 2 hours Incubafton Ht 1 
immunohrbee wera washed 10* wfth PBs-Tween and 10x wfth PBS. Bound pheLTwl 
elutedwlth2ml0.2Mg|vcinbufferpH=2.4orw»h2 m i„f ..„„ , 
Buftone were perfomred for 20 mini " Z^p , ^ re ""^ S ° ,l " , ° n - 
200 p, phages o, llemaOO* were added re the ImlZblZ 

-h 100 collagen selufton. EMed phages ware Mowed to infec, e^TgrX 
TC1 cellared were Ihen plated on LB agar ple.es conteinlng ,00 pg/m, ample* ,Z 7£ 
glucose. The results frem me panning ere presented in Teble 13. 



20 




25 



Example 20: VHH directed against vWF - Screening 

Cloning A1 and A3 Hn.re.in nf v wf |n ppA n „ rr| g 

The pBAD-Opri-strap-spec vector wae used to display the VWF A , and A3 dom , in „ 
fusion with Oprt on the surface of UT5000 Eco// cells fF ara ra , „ 3 
tex-67 erftA403 trpE38 rfbD1 ,ps L1 09 xyW ra T ^,1 D T , ^ P "' C14 

1998 Gene 221- « ™ -n, mpT ^P 0266 ) (Cote-Sierra et el. 
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r - - - ~ ~r^r ~ 

A3back.ATC CAT GCA AAT CCT CTA GAA TCC AG* no, 
5 wftA TCC AGA GCA CAG TTT GTG SAG 

Fragment and vector were digested with Hindlll and Xhoi i • ^ ^ 
(■P^vw FA1/pBAD ^ FA3 , tJZTSSS ""~» 
20 MM ebeptomyom. so pg/ml epeetlnomyein. we "9 plated on LB agar plates oonteWng 

»» Proteins — c^uTetetT T """""""'^ WeMem 

(Cote-Stem, el at. 1998. em, 221- 2HIT -*Opn antibody (SH2.2) 

ph^hateawaeappaad ^L^ri*" ^ *° "* <**» 

PP (Stgma). and In. Mote wen, d««lop«l wan BOIP/NBT (Ugara 8). 

and Abated J ^J^S,* ~ *V* ^ "» — 

b.nd ,6r ,»o no™ „ro<™ te^Zra ~* ^ «° 

expnrsetnn the A, or A3 don,* on Z^T IT" t° E coff celts 

PB9-T«een. Stem tag ras J ^ ™ B '**• W "» «-">«■ *• «mas »m 

a wttft ABTS/H202 and signals were measured after 30 
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larae 14. Al or A3 spec*: binders were sequenced. Sequenced results ™v«.l»rf », 

ZZVZT blndere for the A1 domaln of ™ F lso,L <^£Z£ 

TZ of *T ° f *~ fr ° m ' ,ama 002 (C37) 3nd 004 076, The 

results of sequencing some A1 or A3 binders is given in Figure 9. 

ELISA: binding to yfflF 

A microliter piate was coated with 2 pg/ml vWF, overnight at 4'C. Piates were blocked for two 

hours at room temperature with 300 pi 1% casein in PBS Th 0 , 

«m Q o Bnr, ,. casein in PBS. The plates were washed three 

TrL T Di,UBOn S6neS (15 ° W " W t0 0 28 ^or three, !^ 

Can T't T ,0CUbated f ° r 2 - RT. Plates were washed six times w^, pbs 
Tween, after which binding of VHH was detente k„ • u ~ 

— ,„ T8bte M . ^ _ ^r*rrrri^ r^tr 

and A38 is indicated in Rgure 10. purified C37, A50 



002 



002 
004" 



Elution 
Buffer 



0.2M glycine, 
PH2.4 



100 //g/m| 
coilaqen 



No. clones +ve for 
vWF/ No. tested 



344/380 



No. clones +ve for | 
A1 /No. tested 



5/570 



No. clones +ve for 
MTNp. tested 



0/380 



2/380 



3/380 



20 



004 



100 j/g/mi 

collagen 



0/96 



1/96 



100 //g/ml 
coliaqen 



0/96 



7/96 



1 aoie 14: Number ot positive clones for each phage in the ELISAs of 



Example 20 



Example 21: VHH directed against vWF - Functional characterization of A1 or A3 
b.nderszlnhibitlonofbindingofvWFtocollagenbyVHH 

25 A microliter plate was coated overnight at 4'C with coiiagen type Vill at 25 pg/ml in PBS The 
Plate was washed fi ve times wi* PBS-tween and picked for 2 houre at £ L^re 
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with PBS contain 1 % oase.n. ^ plafe ^ 

p^rn. .»»*, vwf (» d „*„ ,„ pb«, % casein (plasma b lncub 2 s a ^;;- " * 

minutes)) was mixedwith 80 ul periplasms axtow m „..- ... UDaraaat37 <=lbM5 
Incubated for 30 minutes a, Z, Z^oTZZ "JT ^ ^ ,eS " n9 ^ 
5 coated witn coltegen. and incubated £ ^ a T2, 7 ^ 10 3 ^ 

washed five , lmes with PBS-tween An antivWF HRP •""I'"—- The plate was 
3,000-fold in PBS and incubated for" hour ^7 m ° MX *°" S ' WSS dl,uted 

and vWP.o W ,n g was dete™ T ^ «* 
405 „ m . The rasuite presents* " ^ 30 "" nUtes * 

Example 22: VHH directed against vWF - P Unriin „ , u 

^^-^^JlZ^rST'" ° ,A1 orA3 

A microliter plate was coated overnight at 4'C wilh an antibody specific for «=.«,=. , 

VHH Th. c mfV H 3 final conc entratton of 760 ug/ml and 

vi-iM. This mixture was incubated fnr nn nym ana 

was fhen appiiad te a ~JZ£ZZZZZ££ZT T " " " ^ ' 
Th. piata was washad nva „ m es wffl, PBS-Tween 7a„ I * Z Tl *""•»«-«■ 
was diiuted 3.000-foid in PBS and incubated ^'., 4 7! """^^ 

t:o~- 9 - :r ~ :^rr 

Example 23: VHH directed a S ainst»WF - Epitope mapping 

debasing <™~^£^£%7Z^ * ^ ~ * 

1 ee r ' 9ure 13 >- Fragments were amplified with DNAse 
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p ri n,e, (AAGCTT(C)17, and Xbal pdmer frCTAGA( C )17>. Foment and vector were 
dieted ^ H ,nd.„ and Xba., ligated and tranaformed in UT5600 E.co» cafe. TransfcrIne " 

stir t on lb agar piatss c °" te,nin9 20 -**»"**. » pX 

specnom^n. The s-ze of the llbrenea vadee betaaan 4 to20 x 104 cfu. S.n 9 ,a colonfea were 
grewn In 9^„ plates and ^ OT SH^-coated EUSA pla.ee. Phages ^ 
*>r a A3 spec* VHH (C37, and binding to the Opd Won expreseed DNAse diga^F 

X n t c 3 r ^ as ^ abws ,or A1 a - d - - — *— - X 

Example 24: VHH directed against vWF - * , 

«gain 5 i vwi- Expression and purification of VHH 

Plasmid was prepared for specific A1 or A-? hi n n^ 

. . , H M1 or A3 binders and transformed into WKS 

3 T7™ rf 9 100 ' ,9 " , " amp, ° 1 "'"- ^ — *■* — • - — - 

0 5 C T'" 9 m9 * n ' amPiCn ""- ^ *"*— - 3 ™ — °°«>0nm= 

0.5. 1 mM IPTG waa addad and tha culture was Incubated overnight at 30'C 

Overnight oulturaa warn centriftiged for 20 minutaa at 10.000 rpm at 4'C Tha ballat »». 
reeuspended U, ,0 m, TES ,0.2 M Tna-HCI. 0.5 mM EDTA, 0.5 M aulsa. Z 

30. , 20 " * ^ - — « *• «- incubaLdt 

10.000 rpm Tha auparnatant containing tha VHH waa loaded on Ni-NTA and purified to 

^ *" " VHH - — — «— * * «» extfeotfon ooafflo^ Tha 
results are presented in Table 15. 



VHH code name 

A50 
A38 


Epitope 

A1 
A1 


Extinction 
coefficient 

1.275 ~ 


Yield (mg pure 
VHH f liter culture) 
5.7 


C37 

Table 15: Yield of VH 


A3 

H according to Examp 


1.671 
1.907 

e24 J 


1.4 " — 
3.3 
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Example 25: Stability of VHH at 37"C 

VHH " 7 " a : inCUba,ed * 3rC — *«*■ •** for vWF waa measured at different tfme 
pomte by EUSA aa deaoribed above. Results were compered to VHH atored a, 
-20 C and are presented in Figure 14. 
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VHH C37 was incubated at 37'C for up to 194 hours and its activity was measured at certain 
time po,nts. The resuits are presented in Figure 15. Shown for comparison are the activities 
of a scFv against B3 antigen (Reiter et al, Protein Engineering, 1994, 7: 697-704), and said 
5 scFv modified by the introduction of a disuiphide bond between framework residues 44 and 
105 to enhance its stabiiity (dsFv), after incubation at ZTO. The results indicate that C37 lost 
no activity, even after 194 hours at 37° C, whiie dsFv lost 40% of its activity after 60 hours 
incubation at 37°C. 

10 ^TdT EXBer " ra, " S ' 0 P**"*"'** »f .ha preset InvenBon In an,™, 

1 7T des represente< ' by SEQ 10 Nos: 40 to 42 - >Wm ^ I—- 

•haraof and taw portions thanaof upon ptatetet-medlated aggtegatlon are baln 3 tested 
using an ansnal mods). PofypapUdas ate balng tested using the mathods desortbad In PCT 
15 application number WO 02/051351 A2. 
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Claims 



1- A polypeptide construct comprising: 



5 

- one or more single domain antibodies eaoh directed against one or more serum proteins. 

2. A polypeptide construct according to Cairn 1 directed against a single target wherein said 
ant.target singie domain antibodies do not share the same sequence. 



10 



when*, sa,d anb-ser„ m protein 8lngl9 ^ anBlK>dies do ^ ^ ^ ^ 

15 antibodies are Came«tfae VHHs antibodies. 

5 A potypapsds construct accord^ to any of ctalnts 1 to 4 whan*, satd ona or more serum 
protem ana any o, sarum atbumtn. senim immunoglobutins. aiyrox.n^tnding protein 
transfemna. orfibrinogen or a fragment thereof. 

20 

6. A polypeptide construct according to claim .1 to 5 wharein said one or more sing.e domain 

25 7 A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is Tumour Necrosis Factor-alpha. ' 

8. A polypeptide construct according to claim 7 wherein said one or more single domain anti- 
30 ^; nt,b0dleS C ° rreSPOnd to ° nS ° r — ^-nces represented by any of SEQ ID NOs: 

9. A polypeptide construct according to claim 7 corr^^nnnwt^ 

by any of SEQ ID NO: 4 to 6. correspond.ng to the sequence represented 
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10. A polypeptide construct according to any of claims 7 to 10, wherein said polypeptide 
construct is a homologous sequence of said polypeptide construct, a funct.-ona. poln 
thereof, of an homologous sequence of a functional portion thereof 

5 

11. A nucleic acid encoding a polypeptide construct according to any of claims 7 to 10. 

12 A polypeptide construct according to any of Calms 7 to 1 0. or a nucleic acid according to 

10 ,1 t ^ trSatment ' PreV6nti0n and/ ° r a » evia «- <* Orders relating to 

10 inflammatory processes, 9 ° 

13. Use of a polypeptide construct according to any of claims 7 to 10. or a nucleic acid 
according to claim 11 for the preparation of a medicament for the treatment, pretention 
and/orallevlationofdisordersrelatingtoinflammatorypmcesses 



15 



20 



14. A polypeptide construct or nucleic acid according to claim 12 or a use of a polypeptide 
^ct according to claim 13 wherein said disorders are any of rheumatoto arthritis 
Crohn s d.sease, ulcerative colitis and multiple sclerosis. 

15. A polypeptide construct or nucleic acid according to claims 12 and 14 or a use of a 

mtraVemUSfy - 0ra " y ' SUb " n9Ua '^ "-ally, vaginally, rectally or by 

25 16. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is vWF 

^polypeptide construct according to claims 1 to 6 directed against a single target wherein 
said target is collagen. 



30 



18. A polypeptide construct according to claim 16 wherein said one or more anti-target single 
domaln^tihodies correspond to one or more sequences represented oy any ofSE^ 
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20. A polypeptide consuud acconiing to any of del™, 16 to , 9 , ^ 
construct is a homologous seguenee o, said polypepdde cons*™,, a 
thereof, of an homo,o B ous sequence of a tondlone. portion thereof. 

21. A nuolelc add encoding a pdypeptlde constred according to any of dalnts 16 to 20. 

22. A potypepdde constred according to any of daims 16 to 20. or a nudeic add according to 
daire 16 tor use in the Ireatment, prevention end/or ellevfction of disoniere orpins 
relabng to piatelet-mediatod eggregatlon ordysfundion thereof. 

23. Use of a polypeptide conetrud eccoreing to any of claims 16 to 20. or a nucleic add 
eccore,ng to dalm 16 tor are preparedon of a medicament tor «,e treaC^Ldon 

zzzz? d,sortere - — • — ~; 

20 co 4 nstrI' yPeP " d r * ° r nUC,e, ° *" aCC0,din9 to cb,m 22 or a use of e polypeptide 

r h a! ! 9 10 **" 23 "* erel " saU *»— -a any ofZZ 

■schemrc attack, unstable angina pectoris, carebrai infardion. myocardial 
periphare, artona, ocdusKre disease, restenosis, and said condldons Z^JZT m 

25 °T7 ^ » "">' — -P'acereen, end coronary i^aZ Z 

25 angioplasty, stenting, or atherectomy, mentions such 

25 A polypeptide constred or nudeic add according to dalms 22 and 24 or a use of a 
polypephda consdud accenting to daim 23 and 24 wherein said poiypepWe consols 

ao est ous,y - ~* sub " n9ua " y ' ~- — nr* 

lrei^dC~ aCOO " n9 to ^ 1 to 8 
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27. A polypeptide construct according to claim 26 wherein said one or more anti-target single 
domain antibodies correspond to one or more sequences represented by any of SEQ ID 
NOs: 7 to 16. 

28. A polypeptide construct according to claim 26 corresponding to the sequence represented 
by any of SEQ ID NOs: 43 to 45. 

29. A polypeptide construct according to any of claims 26 to 28, wherein said polypeptide 
construct is a homologous sequence of said polypeptide construct, a functional portion 
thereof, of an homologous sequence of a functional portion thereof. 

30. A nucleic add encoding a polypeptide construct according to any of claims 26 to 29. 

31 A polypeptide construct according to any of claims 26 to 29, or a nucleic acid according to 
claim 30 for use in the treatment, prevention and/or alleviation of disorders or conditions 
relating to allergic reactions. 

32. Use of a polypeptide construct according to any of claims 26 to 29. or a nucleic acid 
according to claim 16 for the preparation of a medicament for the treatment, prevention 
and/or alleviation of disorders or conditions relating to allergic reactions. 

33. A polypeptide construct or nucleic acid according to claim 31 or a use of a polypeptide 
construct or nucleic acid according to claim 32 wherein said disorders are any of hay fever 
asthma, atopic dermatitis, allergic skin reactions, allergic eye reactions and food allergies. ' 

34. A polypeptide construct or nucleic acid according to claims 31 and 33 or a use of a 
polypeptide construct according to claim 32 and 33 wherein said polypeptide construct is 
administered intravenously, orally, sublingual*, topically, nasally, vaginally,, rectally or by 

30 inhalation. y 

35. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target Is IFN-gamma . 



20 
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36. A polypeptide construct according to claim 35 wherein said a n«-fe mQ f «• , ^ . 
antibodies are antMFN-gamma VHHs. ^ d ° main 

37. A polypeptide construct according to claim 35 wherein said anti tempt cin„. * ■ 
5 antibodies and said antiserum protein antibodies are both V^Hs " ^ 

3^ A polype construct according to. any of Cairns 35 to 37. wherein said poiypeptide 

thereof, of an homologous sequence of a functional portion thereof. 

39. A nucleic add encoding a poiypeptide construct according to any of Cairns 35 to 38. 

£im T^IZT^T^ 9 to any ° fCteims35to38 .-anucle,cac«d according to 

is ^ , J Satment ' PreVenWon and/or a «^a«on of disorders or condition! 

15 wherein the immune system is over-active. condrtions 

41. Use of a polypeptide construct according to any of daims 35 to 38 or a nucleic add 
adding to daim 3 9 for the prepared of a medicament for the JLZL^Z 

2q ^-Oeviationofdisordersorcond^onswhereintheimmunesystemte^ 

42. A polypeptide construe or nudeic add according to daim 40 or a use of a polyoeDtida 
construe or nucieio acid according to daim 41 wherein said disorders are Z 
disease, autormmune disorders and organ plant rejection in addition inflammatory disoLe " 

5 ^ 38 — Cra "»"* — se. uicerative co, ffis and ^^Zs 

43 A polypeptide construe or nudeic add according to claims 40 and 42 or a use of a 

Z^L^T* S T in9 t0 ° b,m 41 ^ 42 — * — P^de construe , 

^ ^ SUbKn9Ua " y ' topiCa " y - " aS ^ recta.* or by 

44 A composition comprising a polypeptide construe according to any of Cairns 7 to 10 12 
lZbl 5 've™ ,C ^ 6nCOdin9 S3,d — - * 
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45. A composition comprising a polypeptide construct according to any of claims 16 to 20 22 
24 and 25, or a nucleic acid encoding said polypeptide construct and a pharmaceutical^ 
acceptable vehicle. wucairy 

5 

46. A composition comprising a polypeptide construct according to any of claims 26 to 29 31 
33 and 34, or a nucleic acid encoding said polypeptide construct and a pharmaceutical^ 
acceptable vehicle. y 

10 47. A polypeptide construct according to any of claims 1 to 6 directed against a single target 
wherein said target is involved in a disease process. 

48. A polypeptide construct according to claim 47, wherein said polypeptide construct is a 
homologous sequence of said polypeptide construct, a functiona. portion thereof, of an 

15 homologous sequence of a functional portion thereof. 

49. A nucleic acid encoding a polypeptide construct according to claims 47 and 48. 

50. A polypeptide construct according to claims 47 and 48, or a nucleic acid according to 
claim 49 for use in the treatment prevention and/or alleviation of disorders or conditions in 
which the target is involved. 

51. Use of a polypeptide construct according to any of claims 47 and 48. or a nucleic acid 
according to claim 49 for the preparation of a medicament for the treatment, prevention 
and/or alleviation of disorders or conditions in which the target is involved. 

52. A polypeptide construct according to claims 48 and 50, or a nucleic acid according to 
cla,m 49 for use in treating, preventing and/or alleviating the symptoms of a disease requiring 
a therapeutic or diagnostic compound which is not rapidly cleared from the circulation. 

53. Use of a polypeptide construct according to any of claims 48 and 50, or a nucleic acid 
according to claim 49 for the preparation of a medicament for treating, preventing and/or 



20 
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alleviating the symptoms of a disease requiring a therapeutic or diagnostic compound which 
is not rapidly cleared from the circulation. 

54. A polypeptide construct according to any of claims 48 and 50. or a nucleic acid according 
5 to claim 49 for use in treating, preventing and/or alleviating the symptoms of a disease 

requiring a therapeutic or diagnostic compound which remains active in the circulation for 
extended periods of time. 

55. Use of a polypeptide construct according to any of claims 48 and 50, or a nucleic acid 
I 10 according to claim 49 for the preparation of a medicament for treating, preventing and/or 

alleviating the symptoms of a disease requiring a therapeutic or diagnostic compound which 
is remains active in the circulation for extended periods of time. 



15 



56. A polypeptide construct or nucleic acid according to any of claims 50, 52, 54. or use of a 
polypeptide construct or nucleic acid according to any of claims 51. 52, 53, 55. wherein said 
polypeptide construct is administered intravenously, orally, sublingual!* topically, nasally, 
vaginally, rectally or by inhalation. 

57. A composition comprising a polypeptide construct according to any of claims 47, 48, 50. 
20 52, 54 and 56, or a nucleic acid according to any of claims 49. 50. 52. 54 and 56 and a 

pharmaceutically acceptable vehicle. 

58. A method of producing a polypeptide according to any of claims 1 to 10. 16 to 20 , 26 to 
29. 47 and 48 comprising 

25 (a) culturing host cells comprising nucleic acid capable of encoding a polypeptide 

according to any of claims 1 to 10. 16 to 20 . 26 to 29. 47 and 48. under conditions 
allowing the expression of the polypeptide, and. 
(b) recovering the produced polypeptide from the culture. 

30 59. A method according to claim 58, wherein said host cells are bacterial or yeast. 
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60 A n, et hed for prolonging fll8 ha , Wife ^ a s . n8ls a 

-*4 said ansbedy d,ree,ed agains, a merapeaec and/a, dlagnesec ^ty Wnl 

61^A rafted according to Calm 60 wherein said an,Marge, slngte dema,n ardJbcdies da ne. 
share the same sequence. 
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! l b u ^ eth0d aCC ° rI " n9 10 ^ * ° la " ,,S 60 to 63 * saW — » * any a, serum 

^rrr^raZ^r r-rrr serwn prctein — a 

oor«^*u * . y w UNUS - 1 to 3 - a homologous sequence, a functional 

porbon thereof, or a homologous sequence of a functional portion thereof. 

66. A composition comprising a polypeptide according to any of Calms 1 to 6 or a nucieic acid 
capable of encoding said polypeptide and a pharmaceutical* acceptable vehicle. 
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ABSTRACT 



The present invention relates to heterospeclfic polypeptide constructs comprising one or 
more s.ng.e domain -antibodies each directed against a therapeutic and/or diagnostic target 

T ns Zll r T d ° main anHb0C " eS direCt6d 9 se ™ P-'ein, said 

^struct hav,ng a proionged lifetime in bioiogica, circulatory systems. The invention further 
relates to methods for stabilising VHHs in biological circulatory systems 
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Fig. 1 
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SEQ ID 
NO 

1 


I NAME 

" MSA 21 


I SEQUENCE 

Anti-mouse serum albumin ■ — 


2 


" MSA 24 




3 


MSA 210 


QVQLQESGGGLVQPGGSLRI.TCTASGFTFSSFGMSWVRQJVPGKC3r.EKr "I 
VSAISSDSGTKNYADSVKGRFTT ejpTwa ™J ^ ™Tr ~, 
YCVXGRGSPSSOGTQVT^r TISRDMA KKMLFLQMNSLRPEDTAV3r 




MSA 21/TNF3E 


Anti-mouse serum albumin/anti-TNF-alpha ~ 

| QVQ^QESGGGLVQPGGSI^C^GFTFSRFGMTWVRQAPGKGVEW 
YCTIGGSX^GGQC^VTVSSEPKTPKPOPAAAO^^™^ 


5 


MSA 24/TNF3E 




6 1 


MSA 

210/TNF3E j 

J 


G I K ^^ G ^^RDNAKKMLFLQ MN SLRPEDTAV? 



Fig. 2 
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AntUgE 

QVQLQD SGGGLVQPGGSiiRLS CRASGR1 FRI 



vatitstgstnfadsvkgrptiyrdgakr^vdTrln 

CaJADVREYPI,gPWRQYWGOBTO\7TOiga 



HAMGWYRQAPGKQREL 
SLKPEDTAVYF 



TARTRTDYAPUiSAASTYDAWGnnTm/n/gT. TADYFCA 



10 



EV2D12 



VAAVNWNGDSTYYADSVKGRFTISRGNAEN— ~1 "r^.^*^ 
YCAMRMMAGLGYSAASYOYWGnraTO^roT, 



(^pQEai^ULVQAGDSI^SCAASGLTPLEHVMAl 



VGAIDWSGRRITYTD, 



11 



12 



EV2G4 



YCAADRTYS YSSTGYYYWGOGTnvnrg a 



c„ T ,„ — WFRQTPGKEREP 
^V^^ls^KNTVYLOMNTX-KPEDTAVY 



13 



15 



16 



EV4C5 



EV4A2 



VGAimSGRRITYTDS\^CGRFTISRDNAKNTVYL 
YCAADRTYSYSSTGYYYWGOGTOTm/CQ 



GLTBOjKHVMAWPRQTPGKEREf" 



QMNTLKPEDTAVY 



QVQLQESGGGIjVOAGGSIiRIiSCAASGRTLS, 



vasisssgistyyadsvkgrftisrd: 



S YTMAWFRQAPGKEREF 



IAK NTVYIiQMWSIiKPEDTA.VY 



EV2B6 



EV2H11 



YCAAKYRYYSTLYTKSGEYDYWG0GTOVTT7.g;g 



'RQAPGKEREF 
SLKPEDTAVY 



vasitwtgtgtyyadsv^rftisrdhagttvylqmn; 



FSSYAMGWPRQAPGKEREF 
SLKPEDTAVY 
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17 VHH#1 


Antf-TNF-alpha 


16 VHH#9 




19 VHH#13 

20 1 VHH#2 

21 VHH#3 


YCTKWPPYSDDSRTOADWGQGTQVTVSS ^ UJ ™ SLKSEDTAV * 
j^yYYCAftRDGI PTSRS VESYNYWGQGTQVTVSS . 


22 VHH#4 


YCNAVLQTSRWSIPSNYWGQGTQVTVSS 1 


23 VHH#5 

24 I VHH#6 


AASRYARYRDVHAYDYWGQGTQVTVSS i^^lAVYYC 


25 VHH#7 


QVQIA3DSGGG^VQAGGSI.RLSCAASTRTFSRYWG^FRQAPGKEREFT/ 

atiswwgehtyyadsvkgrytisrdnakntvylqmgslSedSSv^ 

AARSFWGYNVEQRDFGSWGOGTPVTT7HH V ^QMGSI,KPEDTAVYYC 
VL0TSEWHIPTHVWO0C3TBVTVSS i™;«u»viiaiT 


26 VHH#8 




27 VHH#10 




28 VHH#11 ~ 




29 VHH#12 < 

J 





Fig. 2 
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30 C37 


I Anfi-vWF " ■ - . 


31 T76 




32 Z29 

33 I A50 — 


^QLQESGGGSVQAGDSLTLSC^ASGRTFSMHAMGWFRQAPGKERER 

YCAAHVTVSAITLSTSTYDYWGQGTOVTVSS IJjQMNSLKPED TAVY 


34 JA38 : 


QVQLQDSGGGSVQAGGSI^SCAASGRTVSSTOMGWFRRVPGK^B^ 

YCAAASRYRHRLNSGSEYDYWGQGTOVTVSS AVY 


35 153 


U W UiiUD a GGGii V QAGGSLRLSCAAS WRTKDMAWFRQPPGKEREFVA V 


36 M53 


UV^iJSGGGI.VQAGKSi.KLSCGTSGRTFGRRAMAWFRQAPGKEROF 

YCAAGPRGLYYESRYEYWGQGTLVTVSS XAVX 


37 2L-34 


QVQLQDSGGGIiVQAGGSUtLSCAASVRIgTSYAMGWFRQABGKBRBP 

^nrsgkstyysdsvegrftisrd^kntvslSS^e^a^ 


38 4L-16 

39 AM-4-15-3 


VAHAT^GSASYRDSVKGRFTISRDNAKmVYLQ^SL^EDTAVYY 
CNWPSSVTKGYWGQGTQVTVSS W^sJ^KDTAVYY 

Anti-mouse serum albumin/anti-vWF ' " 


40 MSA 21/ AM-4-15-3 
J 

1 

< 

41 | MSA 24/ AM-4-15-3 ( 


QVQLQESGGGLVQPGGSLRLSCEASGFTFSRFGMTWVROAPGKGVRW 

GGSLRIACAASGSIFSINSMGtTYRQAPGKQRELVAHALADGaASYRD 
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S VKGRPTI SRT1MA KTJ^ro^ ^n^T^» ^ ^^^^^^^^^-''^SASYRD 

L.VYYCNTVP S S VTKGYWG 



VSAISSD, 



'SCTKNYADSVKGRFTISRDJHAKKML 



PLQMKTSLRPEDTAVY 
»VQLQbSGGGLVQPG 



GTQVTVSS 



rAVYYCNTVPSSVTKGYWGQ 



43 MSA21/EV2H11 



44 MSA24/EV2H11 



Anti-mouse serum albumin/anf u^f 



y C T IGGSLNPGGQGTQ™S^S?^ YLQMNSLKPEDTAVY 



PAAAQVQLQESGGGLVQA 
EREFVAS ITWTGTGTYYA 
PEDTAVYYCAVDRRS STYYXiM 



« MSA210/EV2H11 



KGEYDYRGRGTQVTVSS 

._ ^ ,/VT.rYHifVm -r i*^*^-. 

KGETTOYRGRGTOVTOgg 



GEYDYRGRGTOVTVfifi 



47 



MP2B5BR 



48 



MP2C10BR 



Anti-lFN-gamma 



QVQLVESGGRIiVQAGGSLRLSCIAsL 



^^fDYAAGWFRQAPGraREFLASW 



QVKLEE 



ISGGGLVgAGGSLRLSCAASGL' 




Pig. 2 



<Ehpf .zei.t :08/07/2003 18:38 



Bnpf.nr.:405 P. 025 



8- 7-03 ; 18: 



EPO Munche 



:+3292802345 



7/20 



50 



151 



MP2F10SR 
MP2F6SR 
| 52 I MP3D2BR 

53 MP3E5BR 

54 I MP3D1BR 

55 MP3B1BR 

56 MP3H1SR 



AVQLVE 
YSGRSI 
YQADYWGQGTQVTVSS 



QAPGKBREFVARIG | 



qvqlvesggglvqaggslrlscaasgrt" 

SNGTS TYYADSVEGRF 1 
G5FDYWGQGTQVTVSS 



" 'AVYYCAAATRDYG 



GKBREFVAAIS 



IPQYRENRYDFWGQGTOVTVgfi 



QGTQVTVSS 

QVQLQESGGGLVQAGD, 

RSGVSLYZMSVKGRFTISMDiG^WSLi 
WNRGSFADYDYRGQGTQVTVgg 



wyrqapgkqrelvapig" 

YIDWG 



vpsprqgdydywgqgtqvtvss 



'EDTGVYYCASKGRPyG i 



5/ MP3A12SRA 




( _____ J VEiSWGQGTQVTVSS 

58 I MP3A7SRA • QVQLQDSGGGiiVOAGGSLRLSCAAS. 



59 MP3C7SRA 

60 MP3D2SRA 



'GKQRELVA 
PEDTAEYYCNTYPTW 



GSFDYWGQGTQVTVSS 

QVQLQESGGGLVQAGDSLRLSCAASGRS 
RS GVSIi YYAD SVKGRFTI 

WNRGRFADYDYSGQGTQVOT5S 



SUCPEDTAVYYCAAATRDYG 



TTPYI,RvyYWGQGTQVTys S ^^^ Q """""""CWMMn 

C^CnrATA SE F^^ ^^^ 0 ^ EPDDTSV ^CASS RR YCT 



62 I MP3H6SRA 



fGWPRQAPGKEHEFVAGIS 
"CASKGRPYG 
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64 



MSA 24/ 
MP2F1BR 



65 



MSA 210/ 
MP3H6SRA 



QVTVSS 



Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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2.5 




Fig. 7 
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A1 domain 



A3 domain 



Fig. 8 
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Sequences A1 domain specific binders: 



-framework 1- 



Ij QD S GGGIjVO AGESIiRT , R rvyr <? rrn> rr-cr* r£ f GKEREPVAVIYSSDGS TLVAA 
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CDRl framework 2- 



A50 S VKGRFA I SRDNAE S TTiYL QMN"S IJCPED TAVYYCAA 

S VKX3RFTI SRDNAKNTVYLEMNSLKPEDTAVYYCAA 
SVKGRFTISRDNAKNTVYLQMTSLKPADTAVYYCAT 
Z29 f^^S^T^™^^ 



framework 3- 
AISRDHAESTT/i 

. *SGTYYSTSRYTW 

RRGAFTATTAP IiYDY 

" f ramework4 - 
A50 WGQGTQVTVSS 
A3 8 WGQGTQVTVSS 
153 WTGGTQVTVSS 
M53 WGQGTLVTVSS 
Z29 WGQGTQVTVSS 



Sequence of A3 domain specific binders: 

framework 1 Cnsi 



-framework 3 

C37 SVKG^TISRDNANNTLYLQMBTSIiRPEDTAVYYCAR 

SVKGRFTISRDNTOTTVYLQMNSLKPEDTAVYICNA VTWGGliTNY 



«~*~ ™~ -~«^-»«™au*iju™sjjrpedtaVYYCAR GAGTSSYLPOPmcr 
T76 SVKGRFTISMMTKmTVYT,nmTOT.in,T^m. _ ^ aXX,PQRGW 



f ramework4 - 
C37 WDQGTQVTISS 
T76 WGQGTQVTVSS 



Fig, 9 
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! 



Fig. 10 
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0.7 




Mg/ml Ab 



Fig. 11 
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Fig. 12 . 
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...... ^ ^.pg^f^ 



P±g. 13 




Incubation time (hours) 



Fig. 15 
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